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ABSTRACT 


The Coast Guard Office of Aviation Plans and Programs continues to receive inquiries from 
several sources about the service's intentions concerning the V-22 tilt rotor aircraft. Officially, 
decision makers acknowledge that tilt rotor capabilities could be readily adaptable to the service's 
missions, but acquisition of the V-22 is not contemplated unless the aircraft 1s first fielded by a 
Department of Defense component. This thesis serves as a preliminary inquiry into tilt rotor 
applications for the Coast Guard. The purpose of the study is to determine the implications of a 
favorable V-22 production decision on the Coast Guard's current mix of aircraft. As background 
material, the thesis reviews the history of tilt rotor development and outlines the key economic 
Issues at the center of the public policy debate likely to decide the V-22's future. Then, the V-22 
Osprey is compared with each aircraft already in Coast Guard service. Both performance 
caaracteristics and costs are examined. Lastly, potential Coast Guard V-22 assimilation strategies 


are discussed. 
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I. INTRODUCTION 

This thesis serves as a preliminary inquiry into the feasibility of 
acquiring the V-22 tilt rotor aircraft for Coast Guard aviation. The 
study is predicated on the assumption that the V-22 Osprey will enter 
production and become available to organizations outside the Department of 
Defense. 

This chapter briefly addresses the Coast Guard's reaction to previous 
improvements in aircraft technology and outlines the objectives of the 
research. The chapter also includes a section on literature reviewed, 


Scope and limitations and the organization of the thesis. 


A. BACKGROUND 

Since its infancy in 1915, one of Coast Guard aviation's central 
functions has been to locate the lost, aid the injured and save the 
distressed on the high seas and navigable waters of the United States. As 
time passed and the responsibilities of the Coast Guard increased, the air 
arm's job expanded as well. Today, Coast Guard aviation supports all of 


the service's primary missions: search and rescue, enforcement of laws and 


treaties, marine environmental protection, defense readiness, ice 
Operations and marine safety. In turn, this mission variety means that 
sortie objectives are extremely diversified. Coast Guard aircraft fly 


port security patrols, look for pollution, map oil spills, operate with 
Navy battle groups and track suspicious boats and airplanes attempting to 
enter the country illegally. 

While still standing alert duty, performing searches and plucking 
survivors from the sea, the service's air resources provide important 
transportation and logistics support to other elements of the Coast Guard. 
These activities include flying provisions to remote Coast Guard stations, 
transporting pollution response forces and equipment to spills in the 


United States and around the world, conducting shipboard helicopter 


operations and ferrying repair crews and materials to isolated navigation 
aids. In summary, the operating arena calls for flexible, versatile and 
cost effective aircraft. Some would say the Coast Guard represents an 
ideal environment for the V=22° tCiltwrerer aircrafts 

From humble beginnings, the scope and complexity of Coast Guard air 
Operations has increased dramatically. Several times during its 76 year 
history Coast Guard decision makers have demonstrated a willingness to 
become involved with aeronautical advancements that could enhance 
operations or improve service. Although its still unclear whether or not 
the V-22 forebodes a new era in aviation, tilt rotor technology could 
potentially rival past aeronautical innovations placed in Coast Guard 
service. 

In 1916, Bryon R. Newton, the Assistant Secretary of the Treasury,' 
Glen H. Curtiss, pioneer aircraft designer, and Captain Chiswell, 
commanding officer of the cutter Onondaga, discussed the practicality of 
building a flying "lifeboat" plane. Although the original idea to attach 
wings, engine and propeller to an actual surf boat proved unfeasible, 
Curtiss did go on to build several successful boat hulled airplanes. (Air 
Search and Rescue: 63 Years of Aerial Lifesaving, 1978, pp. 3-19) 

Recognizing the helicopter's potential, the Coast Guard designated Air 
Station Brooklyn as a rotary wing training site late in 1943. In January 
of the next year, Commander Erickson made the first life saving helicopter 
flight by transporting two cases of blood plasma from New York City to a 
hospital in Sandy Hook, New Jersey. With the end of World War II, the 
Coast Guard gradually added more helicopters to the seaplanes and shore 
based aircraft already in operation. (Air Search and Rescue: 63 Years of 
Aerial Lifesaving, 19787 ppL93-—19) 

By the 1960's, other significant changes occurred in Coast Guard 


aviation. Piston powered helicopters were retired in favor of amphibious 


Іп 1967 the Coast Guard was moved to the Department of 
Transportation. 


helicopters with turboshaft engines. Turboprop aircraft appeared as well. 
As the late 1970's approached, the Coast Guard modernized by acquiring a 
pure jet, a derivative of the Falcon 20 business airplane. 

More recently, in the mid 1980's, the service began replacing its 
amphibious helicopters. Although the replacement helicopters can not land 
on the water, they possess greater speed and reliability than their 
amphibious counterparts. With rescue swimmers aboard, they remain every 
bit as capable as their water landing predecessors. 

Currently, much of Coast Guard aviation's work is performed by four 
types of aircraft (see Appendix A for aircraft diagrams including the V- 


22). This mix includes: 


e The HH-65A, a short range and recovery helicopter. 
e The HH-60J, a medium range and recovery helicopter. 
e The HU-25A°, a medium range surveillance aircraft. 


e The HC-130H, a long range surveillance aircraft. 


Since this fleet of aircraft is relatively young, a favorable Coast Guard 


V-22 acquisition determination probably depends on three key factors: 


e A favorable production decision by the Department of Defense. 
e Significant performance advantages over existing air assets. 


e Unit costs within Coast Guard budget constraints. 


Although the Coast Guard has a history of upgrading and improving its 
alr resources, the md newness of the service's air fleet may make 
near term procurement of the V-22 extremely uneconomical. On the other 
hand, potentially lower maintenance costs combined with the tilt rotor's 
unique capabilities could make it a very cost effective air resource. 
Because a viable tilt rotor could have a major impact on current air 


resource employment strategies, the Coast Guard needs to compare it with 


"B" and "C" models are also flown in the Coast Guard. 


aircraft already in service and consider what role or roles it might play 


in Coast Guard air operations. 


B. OBJECTIVES 

This study will determine the implications of a favorable Department 
of Defense V-22 production decision on the Coast Guard's existing mix of 
aircraft. As background material, the thesis reviews the history of tilt 
rotor development and outlines the key economic issues at the center of 
the public policy debate likely to decide the V-22's future. Then, the 
V-22 Osprey is compared with each aircraft already in Coast Guard service. 
The goal of the research is to determine if these comparisons suggest an 
affordable role for the V-22 in Coast Guard aviation. 


The following specific questions will be addressed: 


e What is the history of tilt rotor development? 
e What are the major economic arguments shaping the tilt rotor debate? 


e In terms of cost and performance, how does the V-22 compare with 
aircraft already in the Coast Guard inventory? 


e Can the V-22 replace more than one fielded aircraft type? 


С. SCOPE AND LIMITATIONS 
For the past 20 years the Coast Guard has operated with the following 
air assets: a short range helicopter, a medium range helicopter, a medium 
range patrol plane and a long range transport. However, the V-22 Osprey 
could conceivably make this aircraft mix obsolete. Although the direction 
of the tilt rotor program is unsettled, this study attempts to compare the 
performance characteristics of the Osprey and its projected costs to Coast 
Guard aircraft already in the field. The study is subject to the 
following assumptions: 
e The number of aircraft potentially procured by the Coast Guard would 
not appreciably change V-22 unit costs. 
e Learning curve trends and contract incentives associated with 


potential orders beyond those currently proposed by the V-22 program 
office were not considered in the analysis. 


e With the exception of cost of living increases, fiscal constraints 
will demand that expenses remain commensurate with today's funding 
levels. 

e The V-22 Osprey is produced in quantities reflected in the Naval Air 
System Command's advance vertical lift Selected Acquisition Report of 
December 31, 1988. The report calls for a production run of 663 
arporaft. 

e Aircraft types presently in the Coast Guard inventory will remain 
available in the foreseeable future. HH-60 helicopters and C-130 
aircraft are being produced by Sikorsky and Lockheed respectively. 
Although Coast Guard models of the HH-65 and HU-25 are out of 
production, commercial variants of these aircraft are still being 
PULIT. 

In some cases, available research time and the use of non computerized 
cost data limited the breadth of the study. Spares and upgrade costs were 
not available for the HH-65A, the HU-25A and the HC-130H. The V-22's 
operating and maintenance costs were under internal review by the Marine 
Corps and not available to the author. Consequently, the thesis does not 


calculate each aircraft's life cycle costs. Instead, the study attempts 


to highlight the strengths and weaknesses associated with each aircraft 


туре. 


р. LITERATURE REVIEW 

Information about the V-22 Osprey was collected from the Naval Air 
Systems Command Joint Service's Advanced Vertical Lift Aircraft Program 
Office and publications provided by the aircraft's manufactures, Bell and 
Boeing. Several periodicals and professional journals were consulted to 
learn the history of tilt rotor development and to ascertain the major 
issues at the center of the tilt rotor debate. V-22 cost information was 
extracted from the Joint Services Advanced Vertical Lift Aircraft Selected 
Acquisition Report dated December 31, 1988 (see Appendix B). Data on 
Coast Guard aircraft was supplied by the Coast Guard Aviation Plans, 
Programming and Budgeting Office in Washington, D.C. A list of references 


is provided at the end of the thesis. 


Е. ORGANIZATION 

The body of this thesis is organized into eight chapters. Each 
chapter addresses a different aspect of the research questions. 

Chapter II looks at the history of tilt rotor technology. It provides 
a foundation for understanding the risks and benefits associated with this 
aircraft design concept. 

Chapter III outlines the public policy issues at the heart of the tilt 
rotor debate. Although production is not assured, several members of 
Congress appear to be moving to introduce legislation that would overturn 
Secretary of Defense Richard Cheney's decision to cancel the V-22 program. 

Chapter IV briefly reviews the service's aviation's requirements for 
the short range recovery, the medium range recovery, the medium range 
surveillance and the long range surveillance resources. These 
requirements serve as a basic framework for outlining potential tilt rotor 
applications in the Coast Guard. 

Chapter V examines data contained in the National Search and Rescue 
Data Base to determine whether or not there is a need for the V-22. Both, 
historic response levels and the rescue site's distance offshore are 
addressed. 

Chapter VI compares the V-22 with existing Coast Guard aircraft. А 
series of performance and cost categories highlight the strengths and 
weaknesses of each aircraft type. 

Chapter VII offers ideas for assimilating the V-22 into Coast Guard 


aviation air operations. The Osprey is evaluated in the following roles: 


Short range and recovery. 

e Medium range and recovery. 

e Medium range patrol and surveillance. 

e Long range patrol, surveillance and transport. 


e Use as a gap filling resource. 


Chapter VIII summarizes the study. It draws some general conclusions 
about whether or not the V-22 is affordable and recommends areas for 
further analysis. Factors that might influence the Osprey's contribution 
to future mixes of Coast Guard aircraft are also addressed. Finally, 


areas of additional research are proposed. 


II. TILT ROTOR HISTORY 
This chapter provides a historical overview of the efforts made to 
merge the hover capabilities of the helicopter with the high speed 
characteristics of the airplane. The chapter is divided into three 
sections. Drawing heavily on R. W. Prouty's resource (1984), the first 
section reviews the early design attempts to combine the helicopter and 
airplane. Subsequent sections of the chapter discuss validation of the 


tilt rotor concept and the V-22 itself. 


A. EARLY HISTORY 

Although some current periodicals, government officials and members 
of Congress hail the V-22 as new technology, it actually represents the 
culmination of several design efforts that began approximately 40 years 
ago (if the V-22 is produced, one could reasonably argue that the Osprey 
will not only dramatically influence warfare and recovery operations, but 
change the scope of the short haul commuter airline transportation system 
as well). For over four decades a number of aircraft designs sought to 
combine the vertical take off and landing capabilities of the helicopter 
with the speed, endurance and reliability of fixed wing aircraft. These 
in flight conversion concepts included compound autogiros, tilt wing and 
tilt rotor aircraft. In retrospect, the most promising designs were the 


tilt wing and tiltorotor аткара 


1 THE TILT WING CONCEPT 
The tilt wing appeared to be a "simpler" and "more pragmatic" 
approach than the tilt rotor. The Boeing Vertol Model 76, also known as 
the VZ-2, was the first tilt wing to fly. After a contract award in 1956, 
the V2-2 design called for a Lycoming YT53-L-1 turboshaft engine to be 
firmly mounted on the aircraft's fuselage. The engine drove two rotors 


mounted on a pivoting wing as well as twin fans. Опе fan was attached to 


the rear fuselage and the other to a T-tail empennage. At slow speeds or 
in a hover the twin fans controlled pitch and yaw. Inwtorwardweflrdghs, 
with the wing pivoted forward, control was maintained by using 
conventional ailerons, elevators and a rudder. The У2-2 made its first 
VerEr eas flight in April of 1957, At the conclusion of testing in 1959, 
it had successfully completed 34 transitions to forward flight. 
(Thermborougn, 1990, pp. 1-5) 

Follow-on tilt wing prototypes, including the Hiller X-18, the 
LTV-Hiller-Ryan XC-142 and the Canadian CL-84, were evaluated, but none 
ever quite reached production. Lateral instability, generated when strong 
cross winds or the rotor downwash caused the wings to dip, hover 
inefficiency and a series of fatal crashes effectively ended tilt wing 
research by 1974 (Thornborough, 1990, pp. 1-5). However, recent advances 
in stability augmentation and construction materials are renewing interest 


in the tilt wing design concept. 


Ze THE TILT ROTOR CONCEPT 

In a program that began in 1950, the Air Force hoped to develop 
a fast flying helicopter for itself and the Army. Since t:he helicopters 
of the day flew at speeds under 100 knots, engineers naturally 
contemplated helicopter like designs that might achieve the speeds of 
fixed wing aircraft.  Prouty indicates that the "convertiplane" project 
began at Wright Field in Ohio. Three aircraft manufactures, McDonnell 
Corporation, Sikorsky and Bell received contracts to construct competing 
"convertiplane" M m These competing designs became known as the 
XV-1 (McDonnell), XV-2 (Sikorsky) and the XV-3 (Bell). 

McDonnell's XV-1 was designed like an airplane with twin tail 
booms, wings and a pressure jet rotor system. For high speed flight, a 
550 horsepower Continental piston engine powered a fixed pitch propeller. 
At slow speeds or in a hover, the engine drove a pair of compressors that 
supplied air to the three-bladed rotor system. A fuel line in each of the 


three blades fed tip burners that created the thrust necessary to drive 


the rotor. The design of the XV-1's horizontal stabilizer allowed it to 
align itself with the rotor downwash at slow speeds and function as a 
conventional elevator at higher speeds. Ducted fans on each tail boom 
were used for directional control in slow speed flight while transitioning 
to and from a hover (pressure jet main rotor systems do not require anti- 
torque controls). Both ailerons and rudders provided control at high 
speeds. 

The XV-1's first flight took place in February of 1954. A year 
later it successfully converted from helicopter flight to airplane flight 
where it attained speeds approaching 174 knots. 

Among the XV series aircraft, Sikorsky's proposal was by far the 
most advanced. The concept involved a single bladed, counter balanced 
pressure jet rotor that could be started or stopped in flight. Propulsion 
came from a jet engine that could be directed aft for high speed flight or 
into a compressor that provided air for the rotor system in slow speed 
flight. At high speeds, lift came from a straight or delta shaped wing. 
But, the lack of suitable jet engines and concerns over the viability of 


an in-flight start-stop rotor system kept the concept on the drawing 


board. 

The XV-3 was a true tilt rotor and the forerunner of the V-22 
design. Bell's entry was powered by single Pratt and Whitney radial 
engine installed on the aircraft's fuselage. Through cross shafting in 


the wings the engine drove rotor/propellers mounted on each wing. 
Conventional airplane controls operated at all times; however, rotor 
controls were phased out during transitions to airplane flight. 

Early in the program, designers faced the unique engineering 
challenge of developing rotors that could function in a hover and act as 
high speed propellers when tilted for forward flight. The first XV-3 
crashed in 1956 when it experienced rotor system mechanical instability. 
After redesigning the rotor system, a second XV-3 prototype entered a 


cautious flight test program in 1957. By 1966 it had accomplished 110 


19 


full in flight conversions from helicopter to airplane and achieved 


forward airspeeds up to 155 knots (Thornborough, 1990, p. 4). 
Js SUMMARY 


The results of the XV program were mixed. The two flying XV 
prototypes showed that a helicopter could undergo an in flight transition 
and become a moderately fast airplane. Advocates of the XV-3 observed 
that the tilt rotor technology was sound. The tilt rotor was almost as 
efficient as a helicopter in a hover, and by tilting the rotor/propellers 
forward in cruise it eliminated the very high rotor drag associated with 
conventional helicopters. At that time, it seemed reasonable to assume 
that tilt rotors could achieve twice the helicopter's cruise speed for 
about the same power. (The Case for the V-22 Osprey Program, 1990, p. 1) 

But the penalties were high. Extra weight reduced performance 
and the complex designs generated concerns about reliability and operating 
costs. Air Force test pilots found the flying qualities of the XV-1 and 
MUS Good, but considered both aircraft greatly  underpowered. 
Simultaneously, conventional helicopters were achieving higher speeds and 
airplanes were being designed to land and take off on shorter and shorter 


runways. Neither the XV-1 or the XV-3 entered production. 


B. TILT ROTOR DESIGN VALIDATION 

The idea of a hybrid helicopter airplane continued to live through the 
late 1960's. A newly designed rotor blade, incorporating much more twist 
and better airframe materials, allowed engineers to envision a 300 knot 
tilt rotor. In 1972, Bell received a joint NASA/Army research contract to 
develop the XV-15. A far cry from the XV-3, the first XV-15 rolled out of 
the factory on October 22, 1976. A pair of 1,550 shaft horsepower Avco 
Lycoming LTC1K-4K turboshaft engines were mounted at the end of the wings 
and connected by a mid-wing gearbox and cross-shaft. The aircraft's first 
hover took place in May of 1977. After a two years of ground tests and 
wind tunnel evaluations, the XV-15 made its first successful conversion on 


ШІ 24, 1979. At the conclusion of testing in 1988, the XV-15 had 
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significantly expanded the tilt rotor envelope. Accomplishments included 
level flight forward speeds of 322 knots, flights to 26,000 feet and more 
than 1800 conversions to airplane mode. (Thornborough, 1990, рр. 1-5) 
Besides expanding the tilt rotor flight envelope, the XV-15 proof-of- 
concept aircraft demonstrated a high degree of safety and reliability. 
The technology also validated several other important І шапа 


characteristics: 


e Ease of handling and good stability in a hover. 

e Continuous operations at intermediate conversion angles which is 
useful for short takeoff and landing situations and medium speed 
loiter missions. 


e Minimal conversion time (approximately 12 seconds). 


e No additional pilot workloads making the XV-15 comparable to 
helicopters or airplanes. 


e Vibration levels at or below those of equivalent helicopters or 
turboprop airplanes. 


e Single engine operations. 

e Improved autorotation capabilities. 

e Efficient cruise fuel consumption. (The Case for the V-22 Osprey 
Program, 23907 P: 2) 
With a successful June 198] exhibit at the Paris Air Show, the XV-15 


captured the attention of several military, political and aeronautical 


industry leaders. At long last a true vertical takeoff and landing 
"airplane" seemed a reality. The stage was set for further tilt rotor 
development. 


C. THE V-22 OSPREY 

In December 1981, the Department of Defense released a request for 
proposals for a Joint Services Advanced Lift Aircraft, designated the JVX. 
Bell and Boeing joined forces in April 1982 and submitted a preliminary 
JVX proposal in February of the following year. The design was based on 
a scaled up version of the XV-15. In April of 1986, the Pentagon awarded 


a $1.81 billion fixed price incentive contract for full scale development 
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to the Bell and Boeing team. Under the terms of the contract, six 
aircraft were ordered. Planning, budgeting and contract administration 
would be performed by the Naval Air Systems Command. 

After 46 months of design, tooling, fabrication and testing, the V-22 
first hovered on March 19, 1989. Achieving a speed of 150 knots at an 
altitude of 6,000 feet, the Osprey completed its first full-in-flight 
conversion on September 14, 1989. Since that time the flight envelop has 
been expanded to 8,300 feet and 280 knots. By the end of February 1990, 
85 test flights had accumulated more than 70 flight hours. Even though 
much of the 4145 hour flight test program remains, the results are 
encouraging. It appears that the V-22 will meet or exceed all the 
manufacturing team's performance guarantees. (The Case for the V-22 Osprey 
Program, 1990; рр. 4-5) 

Тһе Bell-Boeing V-22 is an advanced vertical or short takeoff and 
landing aircraft that is made primarily of graphite-epoxy solid laminate 
material. The composite structure reduces weight, offers good ballistic 
tolerance and is resistant to corrosion. The all composite airframe and 
buoyant fuel sponsons give the V-22 fairly good flotation characteristics 
that eliminate the need for an emergency flotation system. (The Bell- 
DocernoMAv-22 Osprey Tilt Rotor Aircraft Program, 1990, pp. 1-30) 

When operating like a helicopter, control is accomplished by changing 
the cyclic-pitch angle on each rotor blade. While hovering, the V-22 can 
slide right, left cr rearward at up to 30 knots or move forward at speeds 
up to 100 knots. Functioning as an airplane, control is maintained by 
using flaperons (at the wings trailing edge) for roll, elevators for pitch 
and rudders for yaw. In addition, the V-22 contains a computerized flight 
management and fly-by-wire flight control system. It has triple 
redundancy and can be used to adjust some flight characteristics by making 
software changes only. (The Bell-Boeing Tilt Rotor Aircraft Program, 1990, 


рр. 10-11) 
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The V-22 is 57.9 feet from nose to tail and 84.5 feet wide with rotors 
turning overhead in a horizontal plane. The Osprey's short takeoff and 
landing maximum gross weight is 59,000 pounds (500 foot runway required). 
Its maximum vertical takeoff and landing weight is 47,000 pounds. In the 
helicopter mode the V-22 can lift external loads up to 15,000 pounds or 
Carry an internal payload of 8300 pounds (usable volume 858 cubic feet). 
In a word, it is a very versatile aircraft. (The Bell-Boeing Tilt Rotor 
Aircraft Program, 19907 рр 11-199 

Though they incorporate many advanced features, the T406-AD-400 
Allison engines mounted on the V-22 are proven 6,000 shaft horsepower 
engines. Some of their more impressive attributes are digital electronic 
controls, a digital monitoring system, and a vertical lubrication system 
for continuous hover operations. According to Bell and Boeing, the 
engines 39 field replaceable units can be serviced or changed with ten 
tools. Furthermore, the maintenance target is a 35 flight hour or 15 day 
inspection cycle. The T406-AD-400 is a derivative of the T56 engines that 
power C-130 and P-3 airplanes. However, the gas generator is not 
mechanically connected to the power turbine permitting the engines to be 
started without engaging the rotor blades. (The Bell-Boeing Tilt Rotor 
Aircraft Program i990 ере” 

The V-22 is the product of four decades of research and development 
involving the Department of Defense, NASA, and private industry. Many of 
its technologies are already proven in conventional helicopters and 
airplanes. Currently, the Osprey's combination of turboprop speeds and a 
vertical takeoff or landing capability make it unique among the world's 
aircraft. 

Since rapid response, slow flight and recovery capabilities are 
intimately entwined with Coast Guard aviation operations, the V-22's 
performance characteristics seem well suited for the service. In a 
maritime search and rescue role, the V-22 can transit at turboprop speeds, 


yet, search and hoist much like a helicopter. Flying law enforcement 
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missions, the Osprey can patrol an area similar in size to that covered by 
some conventional fixed wing aircraft, while retaining the ability to 
easily identify suspect vessels. Lieutenant Goward called the Coast Guard 
and the tilt rotor "a perfect match” (Goward, 1990, pp. 83-85). If the 


V-22 is affordable, he may be right. 
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III. THE TILT ROTOR DEBATE 

In April of 1989 Secretary of Defense Richard Cheney canceled the V-22 
program. His decision caused V-22 advocates in Congress, industry and the 
Marine Corps to rally in defense of the tilt rotor. Subsequently, 
Congress appropriated funds for continued research and development on the 
Osprey. Although the program does not enjoy official support from the 
Department of Defense, prototypes one through four are undergoing tests. 
Prototype number five crashed on June 11, 1991, and prototype number six 
is scheduled for completion in September of 1992. At the present time, 
the House Armed Services Committee and the House Appropriations Committee 
are meeting with their Senate counterparts to decide whether or not to 
include $960 million in the fiscal year 1992 budget for six to ten 
production representative V-22 aircraft (Gisolo, telephone conversation, 
October 25, 1991). 

This chapter concentrates on several factors that will determine 
whether or not the V-22 enters production. First, it examines the 
position of the two major stake holders, the Marine Corps and the 
Department of Defense, in the tilt rotor debate. Then, the chapter 
provides a brief overview of Congressional involvement with the V-22 
program as well as the key public policy issues underlying the V-22 
debate. 

When it comes to deciding the future of the V-22 program, the Marine 
Corps, the Department of Defense and Congress have different views about 
entering full scale tilt rotor production. For the Marine Corps, the V-22 
was to replace the CH-46 helicopter and fulfill medium lift requirements 
into the next century. For Secretary Cheney, the problem revolved around 
competing defense programs and a declining defense budget. Though 


certainly political, Congress' concerns about the V-22 involve balancing 
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national defense priorities, aerospace industry needs and budget 
constraints to determine the best course of action for the country. 
Since Bell and Boeing have threatened to stop V-22 development without 
a firm order from the Department of Defense, the results of the public 
policy debate may determine the future of the tilt rotor program. A 
Congressional decision to withdraw funding probably means that V-22 
development will be delayed or stopped altogether. Consequently, the V-22 


may not be available for Coast Guard or commercial use. 


A. THE MARINE CORPS POSITION 

As part of a force modernization program to improve amphibious assault 
capabilities, the Marine Corps wants to replace its aging Boeing CH-46 
helicopters with V-22 tilt rotors. While serving as Commandant, General 
Gray stated that finding an aircraft to meet medium-lift requirements was 
the most pressing issue facing the Marine Corps. The CH-46 is over 28 
years old and nearing the end of its useful service life. Since its 
introduction, battlefield threats have increased dramatically. Precision 
guided munitions and hand held surface-to-air missiles now place the CH-46 
and the troops it carries at risk. Despite the Osprey's on again off 
again status, the Marines consider the V-22 the front running candidate to 
replace the CH-46 helicopter. (Donovan and Steigman, March 5, 1990, p. 4) 

If the V-22 does not enter production, the Marines have two broad 


options for replacing the CH-46: 


e Build a new helicopter that matches V-22 performance. 


e Use a mix of helicopters already in production. 


According to the Marine Corps, neither option will be cheap. 
The first alternative is probably the least attractive. Since helicopter 
technology is already approaching its design limits, significant advances 
may not be possible without an expensive development effort (Donovan and 


Seelagman, March 5, 1990, p. 4). Furthermore, it may be several years 
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before the performance and technological advances already present in the 
V-22 are available in another single aircraft. 

Even if it can be demonstrated that a new helicopter could meet V-22 
performance characteristics, there appears to be little interest among 
American aircraft manufactures in building it. The financial risks of 
such an undertaking are high and the Defense Department's vacillation with 
the V-22 project seems to have cooled industry interest. Moreover, any 
effort to push conventional rotary wing design limits to gain what is 
already available with the Osprey would probably result in an extremely 
expensive venture. Lastly, the time lag associated with a new design 
effort further delays CH-46 replacement. 

The second option weighs the merits of the V-22 against several 
conventional helicopters already in the field. One plan being championed 
by the Office of the Secretary of Defense is a mix of CH-53 and UH-60 
helicopters. It calls for 376 СН-53'6 апа 590 ОнН-60 = іпе=сеаа сее 
22's (Donovan and Steigman, March 5, 1990, p. 4). The Marine Corps 
countered that this proposal would cost $6 billion more than the V-22 
program. The Office of the Secretary of Defense then revised the mix to 
225 CH-53's and 478 UH-60's. But, the Marines insist that the revision is 
flawed because CH-53's must simultaneously carry double external loads? 
and troops to meet Marine Corps lift requirements (Donovan and Steigman, 


March 5, 1990, p. 4). Other Marine Corps objections include: 


e Employing the CH-53 in an assault role.’ 


e Reducing squad size and equipment loads (currently accommodated by 
the CH-46) to be compatible with an UH-60 helicopter. 


`The double sling method requires vehicles to be bolted together for 
aerial delivery. It reduces lift requirements by increasing aircraft 
loads. But, the double sling method impedes the speed and flexibility of 
an assault because vehicles must be unbolted before they can be used. 


“The CH-53 has a large radar signature and difficulty using the 
landing surfaces associated with assault missions. 


18 


The Marines have also urged the Pentagon to consider the V-22 for 
other defense related missions. In General Grey's view, V-22 baseline 
requirements (an ability to lift internal and external payloads of up to 
10,000 pounds, a 200 nautical mile combat radius, and shipboard 
compatibility) make the Osprey an extremely versatile aircraft capable of 
meeting needs in other U.S. military components. As the Marines point 
out, a dual use approach avoids costly parallel acquisitions programs. 

Understandably, the Marine Corps baseline requirements are closely 
related to their over-the-horizon amphibious assault mission. The over- 
the-horizon principle is important. The farther from shore assault waves 
can be launched, the greater the overall area where they can potentially 
land. With a greater speed and range than conventional helicopters, the 
Osprey enhances tactical surprise and forces any adversary to defend a 
much larger area ashore. 

The V-22 also makes detection and forward engagement of the amphibious 
task force much more complicated. Ptscover-the rDorr2on “vertical—-lice 
capability significantly increases the flexibility and responsiveness of 


> The central issue for the Marine 


deployed Marine Expeditionary Units. 
Corps is the cost and relative effectiveness of each CH-46 alternative. 
Despite repeated service life extension programs, the CH-46 helicopter is 
Old and technologically obsolete. The Marines favor the V-22. They 
insist that the marginal benefits of the V-22 exceed the marginal costs. 
While their opinion receives strong support in some quarters (especially 


for the amphibious assault mission), the V-22 may or may not be the 


right choice for the Department of Defense or the country at large. 


‘The primary method of deploying Marine forces. 


The Janus Simulation, Lawrence Livermore National Laboratory and the 
Institute for Defense Analysis study are two examples. 
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В. THE DEPARTMENT OF DEFENSE POSITION 

Within the Department of Defense, the V-22 program was canceled on the 
advice of Dr. David Chu, Director of Program Analysis and Evaluation. Не 
advised Secretary Cheney that a mix of helicopters was more cost effective 
than buying the tilt rotor weapons system. (Flanagan, 1990, pp. 39-43) 

In economic terms, Secretary Cheney faced a constrained optimization 
problem. The Secretary's job was to allocate the defense budget among 
several competing programs. In his opinion the B-2, stealth bomber, the 
Strategic defense initiative and the advanced tactical fighter offered 
greater benefits than those gained from the V-22 (Lake, 1989, pp. 23-28). 
In his view, the opportunity costs of continuing the tilt rotor program 
were too high. Since adequate funding for the V-22 was only possible by 
cutting something else, the Secretary canceled the Osprey. 

In testimony before the House Armed Services Committee on April 25, 
1989, Secretary Cheney defended his decision to cancel the Osprey. He 
cited cost figures prepared by the Department of Defense, the limited 
mission of the V-22, the shrinking Defense budget, decreasing V-22 
procurement quantities, and delays as factors in his decision. While 
testifying he stated: 

In examining the missions of the V-22, we have concluded that, 

although the V-22 does provide a marginal increase in capability over 
a narrow range of missions, we can adequately perform those missions 
by other means. For the most part, we are already performing those 
missions today and will continue to do so in the future. In 
addition, if we had retained the V-22 in the budget, we would have 
been required to remove other programs with value over a broader 
range of defense missions (Congress, House Armed Services Committee, 
Hearings on National Defense Authorization Act for FY90: H.R. 2461, 
lOlst Cong., ist sess., April25 БРАТ ЕТЕ 

The V-22 alternative proposed by the Defense Department's Program 
Analysis and Evaluation Office involved a combination of CH-53 and UH-60 
helicopters. Although disputed by the Marine Corps for the reasons cited 
in the previous section, the study indicated that this mix of helicopters 


could perform the same mission as the V-22 with an estimated three to five 


billion dollars in savings over 20 years. 
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When questioned about abandoning an investment of more than two 
billion dollars in the V-22, Secretary Cheney responded: 
The research and development investment for the V-22 is not lost. 
If there is a commercial market for the aircraft, that effort will 
have been aided in no small part by the advances we made in tilt- 
rotor technology. The broader issue we face, however, is how to get 
the most defense -- current and future -- from limited budgetary 
resources available (Congress, House Armed Services Committee, 
Hearings on National Defense Authorization Act for FY90: H.R. 2461, 
RBODSUSCOILg-,- lst sess., April 25, 1989, p. 122) 
Clearly, Secretary Cheney focused on defense programs at large rather than 


the Marine Corps amphibious assault mission alone. A national perspective 


about tilt technology was left to Congress. 


с. CONGRESSIONAL CONCERNS 

Both the Defense Department and the Marine Corps are engaged in a high 
powered debate to win approval for their respective positions. Any 
objective Osprey production decision based on Marine Corps needs and 
defense requirements would be difficult enough. Add in the forces of 
military parochialism, pork barrel congressional politics, a declining 
defense budget, special interest groups and expectations for a peace 
dividend and the decision becomes extremely complex. 

For the Marine Corps, several sources indicate that the V-22 is the 
superior alternative in terms of cost and capabilities.’ puto this 
conclusion is not necessarily true for other applications of tilt rotor 
technology. For example, even if the V-22 becomes an operational aircraft 
within the Department of Defense, there is no guarantee that the tilt 
rotor will become a commercial success. The question remains, can the 
country afford a major new weapon system in the face of a declining budget 
and an uncertain threat? 

In broad terms, two major forces, politics and economics, are creating 


different assessments about the same weapons system. Not surprisingly, 


"Again, the Janus Simulation and Institute for Defense Analysis study 
are two examples. 
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with major V-22 contractors in Pennsylvania, Texas and Indiana and given 
the strength of aerospace industry lobbies, Capitol Hill has continuously 
Opposed Secretary Cheney and supported the Osprey. Interestingly, it 
appears more likely that a V-22 production decision will hinge on a 
combination of political factors and economic issues rather than pure tilt 
rotor performance advantages over the CH-46 helicopter. These matters 


include: 


e Commercial applications. 


e Externalities associated with the introduction of the V-22 into the 
commercial market place.* 


e Foreign competition and trade. 
e Unemployment. 
e The national defense industrial base. 


e Contractor relations. 


Politics and interservice rivalries aside, a purely economic analysis 
regarding V-22 production should consider the marginal benefits and 
marginal costs associated with the issues listed above as well as those 
related to specific Marine Corps needs and Department of Defense 
requirements. Although the outcome is not yet clear, the following 
paragraphs discuss political and economic considerations that are 


influencing Congressional members as they wrestle with the V-22 production 


decision. 
1. COMMERCIAL APPLICATIONS 
In 1981 the XV-15 demonstration of tilt-rotor technology at the 
Paris Air Show captured the attention of the aviation world. For the 


first time it appeared feasible to combine the vertical lift capabilities 


5 Steven E. Rhodes defines externalities as effects on third parties 
which are not transmitted through the price system. Generally, 
externalities consist of incidental by-products associated with a person's 
or firm's activities. Their impact on the economy may either be positive 
Or negative (Rhodes, 1990, p. 67). 
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of helicopters with the forward speed of conventionally powered military 
ena Civilian aircraft. 

But, commercial aviation operators seem reluctant to accept the Osprey 
until it proves itself in the Marine Corps or some other Department of 
Defense component. A major concern is cost. In 1986, Boeing Vertol's 
President Joe Mallen warned that a commercial derivative of the V-22 cheap 
enough for public use was not yet available (Harvey, May 1989, p. 15). 
Nevertheless, some aviation industry analysts believe that a tilt rotor 
aircraft seating 40 to 44 passengers iS reasonably possible. 
Additionally, they suggest that many of the arguments being used against 
the V-22 are similar to those that confronted the Boeing 707 at the 
beginning of the commercial jet age. When the Boeing 707, a variant of 
the Air Force's KC-135 tanker, was introduced, many people believed it did 
not make economic sense. Yet, it became one of the most successful 
commercial aircraft ever. 

What would be gained by adapting tilt rotor aircraft to the 
commercial aircraft business? Ingtrally, tilt Crotor -arrcraft. could 
replace existing commuter aircraft that connect small cities with hub 
ы рог The V—-22 Tilt-rotor Aircraft," January 15, 1990, p. 15). 
Potentially, air transportation from city center to city center could 
become viable by using the hybrid airplane/helicopter to directly link 
downtown areas. In another scenario, the V-22 could connect major 
airports to metropolitan centers or key business districts in the 
surrounding area. According to John Leverton, Operational Development and 
Environmental Projects Officer for EH Industries, air traffic congestion 
in and around large metropolitan areas will create a market for vertical 
passenger flight service by the mid 1990's (Leverton, January/February 
1990, pp. 26-32). In addition, travellers may be willing to pay a premium 
fare to avoid the excessive time delays that affect many major airports. 

Both a Port Authority of New York/New Jersey study and a British 


Aerospace study indicated that a civilian tilt-rotor (CTR) was feasible 
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provided the aircraft could be made affordable ("Civil Tilt Rotor 
Studies," June 1990, p. 36). In particular, the British study showed 
that 11 CTR's with 31 seats and 65$ load factor could gain a 30% market 
penetration on routes linking London, Paris and Glasgow. The Market 
potential for CTR's in the United Kingdom was 30 to 50 aircraft for 
passenger transportation, 20 to 30 for the offshore oil industry and 10 
for corporate use ("Civil Tilt Rotor Studies," June 1990, p.36). Other 
studies are underway in Canada, Puerto Rico, Japan and Europe. 

Although the parameters of CTR economic analysis are still a 
matter of debate, there appears to be several marketing opportunities for 
Civilian derivatives of the V-22. The key variable is suitably low unit 
costs. A Congressional decision supporting the Marine Corps' acquisition 
of the V-22 may result in lower follow on commercial tilt rotor unit 
costs. Additionally, V-22 procurement within the Defense Department 
provides Bell and Boeing the opportunity to document the aircraft's on 
line performance, reliability and operating expenses. This information is 


needed, Bell and Boeing contend, to make headway in commercial aviation. 


2. EXTERNALITIES 

If the V-22 enters military production and unit costs become 
attractive to commercial interests, several externalities may follow the 
introduction of the Osprey into the market place. Tilt rotor aircraft 
could significantly reduce crowding on main runways at major airports and 
unload the nearly saturated air traffic control system . Provided initial 
CTR operations begin at existing relief airports and helicopter landing 
sites, an immediate savings should be realized from reduced runway and 
taxi construction. With the development of the "vertiport" concept, the 
load on air traffic controllers could be evenly distributed into separate 
operations not only reducing costs but improving safety. ("Civil Tiltrotor 
Study," Juúüune 1990 T PP e8 e9) 

Other externalities may be tradeoffs. Noise, pollution and 


environmental effects may decline at large airports but increase at feeder 
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facilities or newly constructed "vertiports". However, the short field 
capabilities of a CTR seem to suggest more positive externalities than 


negative ones. 


3, FOREIGN COMPETITION AND TRADE 
A Japanese trade minister recently said: 

If you build the V-22 Osprey, we certainly will buy it. If you 
don't build it we will make it and sell it back to you (Harvey, June 
TODO p 34 Y. 

It appears that a technological race is underway to build the world's 
first hybrid airplane/helicopter. Bell and Boeing, the V-22 manufactures, 
have the edge but the slow moving tilt rotor program has awakened world 
competition in this aerospace field. 

In the summer of 1990, the Ishida Corporation (Japan) broke 
ground on a factory in Texas where it intends to produce the TW-68, its 


own version of the Osprey. The TW-68 differs from the V-22 in several 


ways: 


e Its development is solely for the civil aviation market. 


e The TW-68 will have a tilt wing configuration rather than a tilt 
engine/rotor structure. 


e Metal materials will be used rather than composites. 


Unlike the Bell-Boeing V-22, Ishida's goals are passenger comfort and a 
desire to be the low cost producer. Metal cutting should start this year 
angastbwcotf is anticipated for 1992. (Kocks, June 1990, p. 41) 

Besides Japan, EUROFAR,? a multinational tilt rotor developer, 
is studying the European market for a possible tilt rotor proposal of its 
own (Briganti, May 1989, pp. 20-21). It appears that if the Bell-Boeing 


team does not start production of the V-22, then other firms in the 


"EUROFAR stands for European Future Advanced Rotorcraft. It is a five 
nation seven company cooperative venture to investigate the feasibility of 
European tilt rotor. The program consists of Europe's four helicopter 
manufactures, Aerospatiale, Agusta, Messerschmitt-Boelkow-Blohm апа 
Westland plus three aircraft manufactures Aeritalia, British Aerospace and 
CASA. 
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international market place stand to capitalize оп the hybrid 
helicopter/airplane concept. 

Although the Bell-Boeing approach is different than the Ishida 
concept, the potential payoffs could be roughly equivalent. As suggested 
earlier, a Marine Corps buy of 550 aircraft may make the V-22 commercially 
competitive with the TW-68. Without a Department of Defense commitment, 
Bell and Boeing have threatened to end their investment in the tilt rotor 


abroratt: 


4. UNEMPLOYMENT 

In an economic sense, unemployment associated with a final 
decision to cancel the V-22 is a pecuniary cost. Since the V-22 program 
will not increase the overall Defense Department expenditures (given the 
declining defense budgets projected for the future), no new jobs will be 
created within the American economy. In essence, a V-22 production 
decision only effects the distribution of jobs in the economy. In purely 
economic terms, the pecuniary losses of individuals in one sector of the 
economy will be offset by individual gains in another (Mansfield, 1988, 
рр 512-5444 

According to economic theory, resources flow from stagnant or 
declining areas of the economy to areas which are experiencing growth. 
If the Osprey is produced, the project will attract resources from other 
sectors of the economy. If the V-22 is canceled, some engineers, machine 
Operators and managers, will probably seek employment with foreign firms 
that are developing their own tilt rotor variants. Others will face the 
cold reality of adapting old talents or learning new skills to obtain work 
in more promising areas of the economy. Therefore, economic theory 
suggests that unemployment should not be a factor in the V-22 production 


decision. 


Pecuniary benefits and costs occur when individuals in one sector of 
the economy gain at the expense of others in another sector of the economy 
without altering the overall welfare of the society. 
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Nevertheless, unemployment is a major political rallying point 
for Osprey supporters. If a full scale production decision is made, 
Boeing estimates that it will need from 3,000 to 4,000 workers at its V-22 
assembly plant in Pennsylvania. The United Auto Workers claim that 35,000 
jobs in the machine-tool and related trades are closely tied to U.S. 
production of the V-22 (Harvey, June 1990, p.39). With foreign firms in 
Japan and Europe already tooling up for their versions of a hybrid 
helicopter/airplane, it is doubtful that American firms could catch up and 
enter these markets. Other potential losers would include Allison, whose 
T406-AD-400 turboshaft engines are on the Osprey, and U.S. avionics 
manufactures. 

The scope of the V-22 project is immense. If the V-22 enters 
full scale production, approximately 1,000 subcontracts could be awarded 
to firms located throughout the United States. According to Bell-Boeing, 
the value of the contracts will exceed several billion dollars and result 
in thousands of jobs (The Belli-Boeing V-22 Osprey Tilt Rotor Program, 
1990, p. 21). With subcontractors in 45 states it is no wonder the V-22 


continues to enjoy Congressional support. 


5. THE NATIONAL DEFENSE INDUSTRIAL BASE 

As recent events in the Persian Gulf demonstrated, the United 
States defense industrial base is capable of producing the most advanced 
equipment in the world. In both macro and micro economic terms, the firms 
composing the defense industrial base represent an important national 
asset. But, global competition and reduced tensions with the Soviet Union 
are leading to declines within the defense industrial base. If the V-22 
is not produced, resources will be reallocated to other areas of the 
economy. Though economically efficient, the reallocation process 
associated with a V-22 cancellation decision could result in an even 
greater downturn in the defense industry. Of course, backlogged or highly 
diversified defense contractors could actually benefit from the new supply 


of resources made available by discontinuing the V-22 program. However, 
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the country's present advantage in tilt rotor technology would be ceded to 
Europe or Japan. 

Although it is extremely difficult to quantify, national benefits 
are derived from a healthy industrial base. A positive V-22 production 
decision would help to maintain the base and keep several manufactures in 
a position to respond to national emergencies. In the future, a purely 
competitive market might not respond rapidly enough to meet defense 
emergencies. While an appropriate Osprey production decision would 
balance national security benefits gained from a favorable V-22 production 
decision against the opportunity costs of employing these resources in 
other areas of the economy, a definitive determination is difficult to 
establish. 

Clearly, У-22 production would simultaneously sustain the 
industrial base and provide the Marine Corps with a weapons system well 
suited for military actions like those in the Persian Gulf, Panama and 
Grenada. On the other hand, V-22 production could prevent resources from 
moving into areas of the economy where the United States enjoys a 
comparative advantage over foreign producers. In the final analysis, 
national security may justify government action to preserve resources for 
the defense industrial base while foregoing the comparative advantages 


associated with free international trade. 


6. CONTRACTOR RELATIONS 
According to Beverly F. Dolan, Chairman and Chief Executive 
Officer of Bell Textron, Incorporated, former Secretary of the Navy, John 
Lehman, indicated that a "tight price" on the development program would 
encourage government acceptance of a "proper" profit on the У-22 
production run (Schemmer, August 1990, p. 1). Consequently, Bell and 
Boeing funded significant portions of Osprey research and development 


costs under a fixed price contract. The primary contractors have absorbed 
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300 million in tooling costs' and maintained the program's schedule by 
injecting team funds to fabricate mockups and perform component testing 
ШИЕРВеЕ11-Бовіпд У-22 Овргеу Ті1С Rotor Aircraft Program, 1990, p. 18). 
Final termination of the V-22 would mean financial setbacks for Bell and 
Boeing. Оп future contracts both companies would probably insist on the 
government assuming a greater portion of the research and development 
costs. The aerospace industry's position is best summed up by Mr. Dolan: 
The government talks about being your partner... you are always a 


partner going in, but they divorce you in a second and leave industry 
hanging on a limb (Schemmer, August 1990, p. 1). 


D. LATEST DEVELOPMENTS 

In June of 1991, Secretary Cheney told V-22 supporters in Congress 
that an understanding could be reached about the Osprey's future. Sources 
on Capitol Hill indicated that President Bush, who is growing tired of the 
bickering surrounding the tilt rotor program, would include V-22 funding 
in his FY-93 budget request. Some Congressional staff members suggested 
that the President wants to include the V-22 in the budget request so that 
higher priority defense programs would not be tapped by Congress to fund 
the tilt rotor. (V-22 Program Can Be Accommodated, Cheney Tells 
Congressional Backers, August 26, 1991, p.1) 

Although the status of a V-22 line item entry in the FY-92 budget was 
not addressed, Secretary Cheney's remarks hint that he is becoming more 
sensitive to mounting Congressional support behind the tilt rotor 
aircraft. Since Congress appeared to be prevailing, further debate would 
only increase the price of the V-22. By accommodating Congress, the 
Office of the Secretary of Defense can acquire the Osprey at a lower price 
than at some mandated time in the future. 

Aviation industry officials welcomed the President's move, but 
expressed caution. If the FY-93 funds are for production, then the 


administration's proposal would be regarded as a very strong signal in 


"The contractors are expected to recover tooling costs through 
depreciation over the life of the program. 
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favor of Еһе 22: However, a budget request to continue full scale 
development and testing would leave the program in the same position as it 
is today. (V-22 Program Can Be Accommodated, Cheney Tells Congressional 
Backers; August 26,7179 ly p8) 

If Secretary Cheney approves the V-22 for production, the Air Force 
and the Army may publicly express their desire for additional Ospreys. 
The existing Air Force requirement is for 55 aircraft, but under an 
officially supported program that number may rise to more than 100 tilt 
rotors. In 1987, the Army withdrew from the V-22 development program. 
Yet, at the 1991 Paris Air Show, Army officials publicly suggested that 
they wanted to examine tilt rotor technology in an attack role. With its 
speed and range advantages over conventional helicopters, studies might 
show the V-22 could replace the Army's AH-64 Apache attack helicopter. 
However, Army officials later asserted that their statements had been 
misinterpreted and that they had stopped short of supporting the V-22. 
Nevertheless, they conceded that the V-22 could replace the CH-47, the 
Army's main transport helicopter. (V-22 Program Can Be Accommodated, 
Cheney Tells Congressional Backers, 1991, p. 8) 

More immediate concerns focus on the June 11, 1991 crash of V-22 
prototype number five. Immediately following takeoff the aircraft became 
unstable in roll. Although pitch control was fine, prototype number five 
was dangerously slow to react to roll inputs from the pilot. As lateral 
instability increased, the pilot in command started a gradual descent from 
15 feet in an attempt to make a vertical landing. But, the left infrared 
suppressor hit the ground resulting in further unscheduled role. When the 
rotors hit the tarmac, the prototype was doomed. The aircraft rolled 
inverted and crashed. (Harvey, August 1991, p. 24) 

Sources close to the V-22 indicated that "hardware" caused the 
accident. Unofficially, it appears that during the flight control 
assembly process terminals in a wiring harness connecting the flight 


control computers to actuator motors were improperly connected. However, 
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the flight control software could also be the blame. If the post crash 
investigation confirms that "hardware" is the problem, Congressional 
response is expected to be negligible. But, a software failure may cool 
Congressional support for the tilt rotor because contractor credibility 
and tilt rotor reliability may be called into question. (Harvey, August 
поза Пр ы 23-26) 

Although a multimillion prototype was lost, some positive results have 
emerged from the mishap. Enhancing the V-22's survivability claims, the 
fuselage broke along predicated paths, the composite structure remained 
intact and the nitrogen suppressors in the fuel tanks prevented a 
potentially large fire. Consequently, the pilots were able to egress from 
the tilt rotor virtually unharmed. (Harvey, August 1991, pp. 23) 

In retrospect, the accident probably occurred at the worst possible 
time. Bell and Boeing are still trying to maintain Congressional support 
for the V-22 program. But, until the cause of the accident is known, its 


influence on Congressional funding remains unknown. 


E. SUMMARY 

From a public policy point of view, a cost/benefit analysis of the 
tilt rotor production decision should encompass all the costs and benefits 
to American society, not just those of the Marine Corps or the Department 
of Defense. Commercial applications and spin-offs related to tilt-rotor 
technology are very real benefits that are relevant to the analysis. But, 
they are extremely difficult to address. If private benefits exceed 
costs, then the government may not need to fund the tilt rotor project. 
The government is only needed if external benefits are significant and 
private costs exceed private benefits. 

The private sector potential of the V-22 raises several issues about 
federally supported technology development programs with real or perceived 
commercial applications. In the private sector, commercial technologies 


routinely face many alternatives in the market place. To gain widespread 
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use, a product must be "technically" and "economically" competitive. 
Signals from the market place help decision makers judge uncertainty and 
decide whether or not to continue the research and development project. 
Producing the tilt rotor solely for its spin off potential may mask these 
signals or displace or duplicate private hybrid airplane-helicopter 
development efforts. Even if the V-22 is acquired by the United States 
Marine Corps, there is no guarantee that the tilt rotor will Бе 
commercially successful. On the other hand, its entirely possible that а 
successful hybrid airplane-helicopter could emerge (not necessarily in the 
United States) without government acquisition of the V-22. Therefore, 
above every other consideration, a V-22 production decision should ensure 
that the Osprey efficiently and effectively fulfills Marine Corps 
requirements while simultaneously meeting national defense needs.” 
(Gates, 1988, pp. 27-29) 

Nevertheless, public policy is determined in a political arena. 
Though not assured, a favorable V-22 full scale production decision 
appears possible. The War in the Persian Gulf underscored the need for 
speed and mobility on the battlefield. Given President Bush's recent 
decision to reduce the scope of the Strategic Defense Initiative, the 
types of military conflicts the United States has engaged in over the last 
four decades, Congressional concerns about spin off tilt rotor technology, 
and a legitimate Marine Corps requirement, the political climate seems 
right for9"V-22 productione 

Since the tilt rotor has unique rescue, law enforcement, surveillance 
and logistics capabilities, the Coast Guard needs to determine whether or 
not the Osprey is affordable and functional in the service's aviation 


environment. The next chapter begins this assessment by reviewing the 


"Although the Boeing KC-135, nuclear power reactor projects and the 
Mercury, Gemini and Apollo space programs produced commercial 
applications, all were successful research and development efforts in 
their own right. 
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mission need statements which led to the Coast Guard's current mix of 


aircraft. 
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IV. COAST GUARD AVIATION REQUIREMENTS 

The requirements, which led to the selection of the four basic 
airframes now operating in the Coast Guard, are discussed in this chapter. 
These requirements establish a foundation for outlining potential tilt 
rotor applications specifically for the Coast Guard. At a minimum, a 
Coast Guard version of the V-22 would have to be efficient and cost 
effective in one of these areas. Alternatively, depending on what 
assumptions are made, the V-22 could be an efficient replacement in a 
combination of areas or function aS a gap filling resource Бу 
incorporating a mixture of these requirements. 

This chapter is organized into six sections. The first section 
presents a broad overview of Coast Guard aviation's major requirements. 
Then, sections two through five address particular aviation resource 
requirements in the following order: short range and recovery resource, 
medium range and recovery resource, medium range surveillance resource and 
long range surveillance resource. The last section offers a brief 
synopsis of the chapter. 

Historically, the service's search and rescue mission has played a 
primary role in defining aviation resource requirements. However, Coast 
Guard air assets actually operate in a multi-mission arena that cuts 


across several program boundaries. These programs include: 


e Search and rescue. 

e Enforcement of laws and treaties. 
e Marine environmental protection. 
e Defense readiness. 

e Aids to navigation. 

e Ice operations. 


e Port safety and security. 
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While search and rescue remains a fundamental mission and a basis for 
allocating air resources around the country, requirements from other 
programs influence the scope of flight operations, drive improvements to 
existing resources, generate needs for new equipment and force shifts in 
aircraft basing. Although this chapter reviews the original mission need 
statements associated with the HH-65A, HH-60J, HU-25A and HC-130H 
aircraft, the dynamic nature of the service's aviation environment has 
broadened those requirements over time. Therefore, the following sections 
include mandated requirements as well as evolutionary requirements on the 
assumption that future aircraft candidates, like the V-22, would be 


required to meet or exceed existing capabilities. 


A. AVIATION REQUIREMENTS OVERVIEW 

Two major terms, recovery and surveillance, dominate Coast Guard air 
resource requirements. Today, recovery requirements are satisfied by two 
helicopters, the HH-65A and the HH-60J. Two fixed wing aircraft, the 
HU-25A and the HC-130H meet surveillance needs. 

When late 1960's technology offered a long range recovery helicopter 
as a viable alternative to the seaplanes then in service, the Coast 
Guard's two helicopter system was established (Coast Guard Recovery 
Arreca t; A Iwo Helicopter System, 1986, p. 1-4). Although the Coast 
Guard's first amphibious short range and recovery helicopter (the HH-52A 
Seaguard) was acquired in 1963, a long range counterpart (the HH-3F 
Pelican) was not available until 1969. Three important underlying factors 
contributed to the dual helicopter strategy: 

e The majority of the Coast Guard's rescue cases occur within 150 
nautical miles of shore. 


e A long range helicopter was more expensive than a short range 
helicopter. 


e Limited small helicopter capabilities and a need to operate in 


adverse weather conditions necessitated a mix of long range and short 
range rotary wing aircraft. 
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As the Coast Guard switched from HH-52A's to HH-65A's and from HH-3F's to 
HH-60J's, the two helicopter system remained in place. In essence, it 
balanced mission needs with mission costs. 

Recognizing the relatively short range, slow speed and limited 
navigation capabilities of early helicopters, the Coast Guard also adopted 
a dual fixed wing strategy to satisfy its patrol and surveillance 
requirements. The HU-25A jet offers rapid medium range response. It is 
used to map oil spills, interdict suspicious aircraft, fly law enforcement 
patrols (both fisheries and drug interdiction) and perform intermediate 
search and rescue missions that are beyond the range of Coast Guard 
helicopters (Pumps and rafts can be air dropped from the HU-25A to vessels 
in distress). 

The service's long range requirements are satisfied by the HC-130H. 
It operates at great distances from shore while conducting pollution 
overflights, law enforcement patrols and search and rescue missions. 
Although not possessing the speed of the HU-25A, its endurance and cargo 


capacity are unmatched by any other Coast Guard air asset. 


B. SHORT RANGE AND RECOVERY MISSION NEEDS 
The short range and recovery helicopter prosecutes coastal rescue 
cases, deploys on Coast Guard cutters and icebreakers, performs light load 
logistics flights and flies relatively short duration patrols. Relevant 
requirements, which led to the HH-65A short range and recovery resource, 
are outlined below: 
e Cruise speeds greater than the existing short range and recovery 
helicopter... 90 knots- 
e An endurance of 3.0 flight hours. 
e An ability to recover three persons from a marine distress situation. 
e A radius of action of 150 nautical miles. 
e A minimum 1500 pound cargo sling capability. 


e Room and adequate power to transport up to five passengers. 
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e Full operational capabilities in climatic conditions ranging from 
sub-tropic to polar. 


e Compatibility with all Coast Guard cutter flight decks... 378 high 
endurance class cutters, 270 medium endurance class cutters, 210 
medium endurance class cutters and polar class ice breakers. 
e Maintainability and reliability characteristics allowing 14 day law 
enforcement deployments aboard flight deck equipped Coast Guard 
CUELGLDS. 
e Night vision goggle compatibility (evolutionary requirement). 
e An ability to perform five month deployments aboard Coast Guard 
icebreakers. (Acquisition Paper for a Short Range and Recovery 
System, 1977, pp. 1-7) 
C. MEDIUM RANGE AND RECOVERY MISSION NEEDS 

The medium range and recovery helicopter fills the gap between the 
short range and recovery helicopter and the medium range surveillance 
BOICESÍE. It has greater endurance and can recover heavier loads from 
longer distances than the short range helicopter. The essential elements 
for the medium range and recovery resource are addressed in the following 
list: 

e An ability to operate in the search and rescue mission envelope from 
151 to 300 nautical miles off shore. 

e At the 300 nautical mile search and rescue mission boundary possess 
a 45 minute on scene endurance to search, locate, and hoist survivors 
of a mishap. 


e A capability to rescue survivors from the marine environment. 


e An ability to transport at least six non-crew members (і.е., 
passengers, survivors, etc.). 


e Compatibility with the flight decks on 270 class medium endurance 
cutters and 378 class high endurance cutters (Historically, the Coast 
Guard has chosen not to deploy its medium range and recovery 
helicopters due to weight and flight deck clearance limitations). 


e A capacity to perform support operations for the Navy including full 
compatibility with the Navy flight decks and ship helicopter 
equipment. 


e Possess an external lift capability up to 8,000 pounds to support 
marine environmental protection and aids to navigation missions. 


e An arrival time on scene equivalent to or earlier than the current 


medium range and recovery helicopter (an HH-3F helicopter with a 
cruise speed of 109 knots). 
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e Night vision goggle compatibility (evolutionary requirement). 


e An ability to safely perform all missions in adverse weather 
conditions over land or sea, day or night, in any season in the 


service's area of responsibility. "Violent storm" force winds or 
"mountainous seas" (Beaufort Scale number 11) should not restrict 
medium range and recovery operations. (Medium Range and Recovery 


Acquisition Paper Update, 1990, pp. 1-8) 


D. MEDIUM RANGE AND SURVEILLANCE MISSION NEEDS 
In 1981, the HU-25A replaced both the HU-16E seaplane and the HC-131A 
transport to become the Coast Guard's medium range and surveillance 
aircraft. The Medium Range Surveillance Aircraft Characteristics Board 
determined that the Coast Guard lacked the funding to design and build an 
aircraft to meet the service's peculiar needs. The board recommended 
acquiring an "off-the-shelf" aircraft that could be adapted to meet Coast 
Guard requirements. Those requirements, now embodied in the HU-25A, are 
listed below: 
e A multi-engine fan jet powered aircraft weighing at least 20,000 
pounds. 
e A combined cockpit and interior volume of at least 600 cubic feet. 


e An ability to house a full range of flight surveillance electronics 
including a cabin sensor display console. 


e 15 cubic feet for a forward looking multi-mode radar. 

e Storage space of at least 19 cubic feet for rescue equipment 
including dewatering pumps, life rafts and radio beacons, plus 15 
cubic feet for crew survival equipment. The storage area must be 
within a temperature controlled pressurized cabin. 

e Accommodations for a crew of five, 225 pounds of aerial delivery 
stores, 400 pounds of crew survival equipment and 360 pounds of 
additional payload. 


e Two scanner stations with viewing windows unobstructed by wings, 
exhaust gasses or engines. 


e Aerial delivery capability. 
e Endurance approaching six hours at or below 2,000 feet. 


e An ability to operate continuously between speeds of 150 knots and 
normal cruise speed. 


e Takeoff and landing performance allowing operations from runways as 
short as 5,000 feet. 
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Compatibility with the four primary AIREYE sensors, the AN/ASP-131 
side looking airborne radar, the AN/ASQ-174 active television night 
vision sensor, RS-18C infrared/ultraviolet line scanner, and the KS- 
87B camera incorporated in the HU-25B avionics package or an 
equivalent capability (evolutionary requirement). 


Equivalent capacity or capability to use the three primary air 
intercept sensors, the AN/APG-66 radar, the  LTN-72 inertial 
navigation system and the WF-360 forward looking infrared equipment, 
aboard the HU-25C (evolutionary requirement). 


Availability for 1,000 flight hours per aircraft per year. (Medium 
Range Surveillance Aircraft Characteristics Board Report, 1974 pp. 
4-9) 


Е. LONG RANGE AND SURVEILLANCE MISSION NEEDS 
Since the early 1960's, C-130 type aircraft have met the Coast Guard's 
long range patrol and search needs.  Periodically, newer versions of the 


C-130 have been procured, but its position as the service's long range air 


resource has never been seriously challenged. The following parameters 


define the HC-130H's role in Coast Guard aviation operations: 


Ability to proceed expeditiously to the scene of distress in order to 
minimize people's exposure to life threatening situations. 


Capability to search open ocean areas (generally more than 300 
nautical miles offshore). 


Travel at least 300 nautical miles offshore and still possess an on 
scene endurance exceeding four hours. 


Provide transportation and the command and control equipment for an 
On scene commander to control numerous search vehicles in isolated 
offshore environments. 


Serve as a communications platform or relay station in remote 
offshore areas. 


Possess the ability to transport pollution response teams and their 
heavy equipment from staging bases in the United States to locations 
at or near pollution incidents anywhere in the world. 


Act as the primary means of logistic support for Coast Guard LORAN 
and OMEGA long range aids to navigation stations at various locations 
in the North Atlantic and North Pacific. 


Provide long range aerial surveillance of fishing fleets in the 
waters off Alaska, Hawaii and the western Pacific to enforce fishing 
treaties. 


Act as a long range platform to detect and interrupt the flow of 
contraband by surveying and identifying vessels in the Caribbean Sea 
and Gulf of Mexico as well as those operating far off the eastern and 
western seaboards of the United States. 
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e Support the International Ice Patrol by conducting surveillance 
flights for icebergs over the ocean waters east of Newfoundland. 


e Possess the capability to deliver rescue equipment while airborne. 
e Have the ability to carry passengers, equipment and large volume 


Cargo to remote areas of the world. (Peterson, telephone 
conversation, November 1, 1991) 


E. SYNOPSIS 

Again, this chapter outlines the service's existing aviation 
requirements. These requirements encompass two broad operating domains, 
recovery and surveillance, and four major aircraft types. While public 


demands, technology and the existing Coast Guard budget have contributed 
to the four air asset strategy, the service should not remain blindly 
committed to this plan or the resources currently in place. Depending on 
the marginal benefits and marginal costs, the V-22 could be a reasonable 
substitute for one or more of the existing aircraft. The unique 
Capabilities of the tilt rotor could also give rise to marginal benefits 
that would encourage its addition to the fleet. On the other hand, costs 


could exclude it from consideration all together. 
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V. SEARCH AND RESCUE INFORMATION 

In broad terms, this chapter highlights information contained in the 
National Search and Rescue (SAR) Data Base. The purpose of the chapter is 
twofold. First, to outline historic rescue response levels and to profile 
the general location of offshore search and rescue activities within the 
maritime SAR region. Second, to lay the ground work for ensuing portions 
of the thesis that discuss potential assimilation strategies for the V-22. 
The chapter is divided into two sections. The first section presents 
general search and rescue case information; the second focuses on rescue 


efforts made by Coast Guard aviation resources. 


A. GENERAL INFORMATION 

Appendix C, which covers fiscal years 1986 through 1990, categorizes 
the number of service-wide search and rescue cases, lives saved and 
persons assisted by distance offshore. An annual service wide average, 
derived from the data in Appendix C, is presented in Table 1. It shows 
that from fiscal year 1986 through fiscal year 1990, over 99% of the Coast 
Guard's rescue cases occurred within 150 nautical miles of the coast. As 
a matter of fact, Figure 1 reveals that over 98% of the Coast Guard's 
fiscal year 1989 search and rescue cases took place within 50 nautical 
miles of shore (1989 SAR Statistics, 1990, p. 27)." 

Nevertheless, some interesting observations can be made about the 
service's long distance rescue efforts. While the 151 to 300 nautical 
mile envelope accounts for only 0.3% of all search and rescue cases, 
sorties within this region account for 2.0% of the total number of lives 
saved. Although mission activity in the 151 to 300 nautical mile range is 


relatively light, a life is saved on an average of every other case. 


"There were 52,346 search and rescue cases in fiscal year 1989. 
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TABLE 1 FIVE YEAR AVERAGE ANNUAL SERVICE WIDE OFFSHORE SAR SUMMARY 
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Figure 1 Cases by Distance Offshore 
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Averages for the greater than 300 nautical miles offshore category are 
similar to those associated with the 151 to 300 nautical mile offshore 
envelope. This envelope accounts for 0.4% of the total number of search 
and rescue cases; however, the rescue operations in this region account 
for 2.6% of the total number of lives saved. Again, the rescue activity 
in this region is light, but a life is saved on average more than half the 
time. 

At ranges exceeding 150 nautical miles offshore, case frequency is 
relatively low. The vast majority of the life saving cases happened 
within 150 nautical mile of shore. But, Table 1 seems to suggest that 
cases more than 150 nautical miles offshore usually involve life saving 
sorties. Although search and rescue mission urgency is not always related 
to distance offshore, one could reasonably infer that rescue cases more 
than 150 nautical miles from shore often require life critical responses. 
Therefore, increased resource speed, especially in areas greater than 150 
nautical miles offshore, could conceivably save more lives. 

If the Coast Guard becomes interested in adding another resource to 
its current mix of rescue platforms, it needs to examine the number of 
failed rescue cases rather than the successful ones. The primary question 
becomes whether or not the new resource could have made a difference to 
the outcome of a case. If the answer to that question is yes, then 
marginal benefits could be evaluated against marginal costs. 

Another alternative involves examining the efficiency of current 
resources. If it can be shown that the new resource is more efficient 
than an existing resource or mix of resources then marginal costs could 
again be evaluated against marginal benefits. 

Unfortunately, standard data retrieval procedures from the National 
Search and Rescue Date Base give only the number of lives lost before or 
after Coast Guard notification of a distress situation. A manual 


screening of case records is required to subjectively determine whether or 
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not the V-22 could have changed the outcome in any particular instance. 


Such a screening is beyond the scope of this thesis. 


B. AVIATION SEARCH AND RESCUE OPERATIONS 

Figure 2 presents the percentage of aviation cases as a function of 
distance offshore". While over 98$ of the service's 1989 cases were 
within 50 nautical miles of shore, 93$ of aviation's responses occurred 
within 50 nautical miles of the coast. Correspondingly, 7% of aviation's 
1989 responses were more than 50 nautical miles offshore compared to 1.7 
percent for the service at large. From 1986 to 1990 only 0:7$ 005 ПЕ 
service's total number of rescue cases took place outside 150 nautical 
miles. But, 2% of aviation's 1989 responses required sorties beyond that 
distance. (Holden, personal interview, September 6, 1991) 

Although further statistical validation is necessary, it seems that 
Coast Guard aircraft tend to perform a high percentage of the 
service's long range rescue cases. This is an environment where speed 
could be the difference between life and death. 

Figure 3 shows that in fiscal year 1989 Coast Guard aircraft performed 
9.8% of the service's search and rescue responses (1989 SAR Statistics, 
1990, p. 24). Appendix D depicts the number of cases, sorties, total 
time on sorties, lives saved, lives lost after notification, persons 
assisted and property value assisted by the service's aviation assets. As 
expected, the short range and recovery helicopter, the HH-65A, has the 
heaviest case load. Yet, each aircraft type contributes to the Coast 
Guard's overall search and rescue effort. 

However, Appendix D indicates that lives are sometimes lost after 


Coast Guard aviation resources receive notification of a distress 


"There were 6,130 search and rescue cases in fiscal year 1989 that 
involved aviation resources. 


There were 64,030 rescue responses in fiscal year 1989. 
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Figure 2 Aviation Cases Ву Distance Offshore 


situation.” But, without reviewing individual case records, it is 
difficult to determine whether or not the V-22 could have changed the 
outcome of any particular case. 
Invariably, one could argue that rescue activity is so light outside 
300 nautical miles that the case load does not warrant the Osprey's 600 
nautical mile radius of action. While this argument has some merit, the 
data is somewhat biased against the tilt rotor. Two thoughts come to 
mind: 
e Range limitations prevent current recovery resources from flying 
farther than 300 nautical miles out to sea; therefore, one would 


expect correspondingly lower activity levels at distances greater 
than 300 nautical miles from shore. 


Tn multi-unit cases, “lives saved" and "lives lost" are credited to 
all responding resources. In reality both numbers are inflated. 
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Figure 3 Coast Guard Response Profile 


e Although rescue sites can be located close to shore, aircraft may 
Still have to fly long distances to perform searches or even to 
transit directly to the scene. 

Nevertheless, a cursory examination of the search and rescue data does not 
appear to suggest an operational breakdown that immediately demands the 
til Arotor. 

As far as the search and rescue program is concerned, two economic 
issues are important. First, does the cost of lives lost and property 
lost in situations where the V-22 could have changed the outcome justify 
the added expenses associated with acquiring and operating the tilt rotor 
system? If the answer to that question is no, then benefits to other 
program areas must be considered. If after reviewing other program areas 
the answer is still no, then the current mix of aircraft is sufficient. 


The second issue revolves around V-22 capabilities. Is it more 


efficient and/or more effective in the search and rescue environment than 
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Bnsarrcrarft or combination of aircraft already in operation? Again, if 
the answer is no, contributions to other program areas must be evaluated. 
If after further review the answer remains no, the existing aircraft mix 
is satisfactory. Even if the V-22 is more efficient and/or more effective 
than a current aircraft or combination of aircraft, а favorable 
acquisition decision depends on those benefits exceeding the costs of 
acquiring and operating the tilt rotor system. 

While every life is precious, the benefits of any lifesaving program 
should be evaluated in terms of the opportunity costs associated with that 
errorc (Rhodes, 1990, p. 20). In this case, other measures, such as 
public safety education, the increasing availability of marine band 
radios, improved electronic navigational aids and/or additional motor 
lifeboats could prove just as effective at reducing the number of lives 
lost as the V-22. In addition, these efforts could be less expensive than 
Hie tilt rotor. 

Although the chapter is not based on a rigorous statistical proof, 
potential search and rescue mission improvements offered by the V-22 will 
probably not go unquestioned. However, public opinion could turn out to 
be a powerful force supporting a Coast Guard version of the V-22. Why 
should tilt rotor capabilities be reserved solely for the military? Once 
a Department of Defense tilt rotor performs a military rescue 500 nautical 
miles offshore, fisherman and pleasure boaters would undoubtedly expect 
the same service (Goward, 1990, pp. 83-85). 

Nonetheless, benefits outside the search and rescue arena could be 
important factors that determine whether or not the Coast Guard should 
acquire the V-22. Therefore, the next chapter compares tilt rotor 
performance characteristics and projected costs to those of existing air 
assets with an eye toward assimilating how the V-22 could be put into 


Coast Guard service. 
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VI. СОМРАК1МС ТНЕ V-22 WITH EXISTING COAST GUARD AIRCRAFT 

Comparing four different types of post production" aircraft with a 
prototype tilt rotor is an extremely challenging task. In some cases 
available research time and the necessity to investigate non computerized 
archived cost data limited the scope and thoroughness of the study. In 
other cases diverse forms of cost and performance information combined 
with the inherent differences associated with each aircraft design made 
valid forms of comparison difficult to establish. Nevertheless, this 
chapter highlights some of the strengths and weaknesses associated with 
each aircraft type. Aircraft characteristics, cost data and fleet wide 


comparisons are evaluated in the chapter. 


A. AIRCRAFT CHARACTERISTICS 

This section compares the V-22's projected aircraft characteristics 
with the four major aircraft types now in service. Each characteristic is 
summarized in Table 2 and discussed in the following paragraphs. It is 
important to note that Table 2 contains average values and that actual 
aircraft performance will vary with altitude, gross weight, temperature, 
pressure, wind and airspeed. Each aircraft also offers tradeoffs that 
sacrifice one attribute to enhance another. For example, fuel load can be 
decreased to increase cargo payload (within center of gravity, deck 
loading and volume limits) or maximum range airspeed can be foregone in 


favor of maximum endurance airspeed or maximum cruise airspeed. 


i CRUISE AIRSPEED 
Although not as fast as the HU-25A, the speed of the V-22 is 
comparable to that of the HC-130H. The HU-25A's 160 knot speed advantage 


is significant. It enables the HU-25A to intercept civilian aircraft that 


"The C-130 and H-60 are still in production. Only the civil aviation 
versions of the HU-25A and HH-65A are in production (the Falcon 20 
business jet and the Dolphin III helicopter respectively). 
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TABLE 2 


AIRCRAFT CHARACTERISTICS 


CHARACTERISTIC! HH-65A HH-60J HU-25A HC-130H V=22 
Cruise Speed 
(KTAS) 125 125 410 290 250 
Max Gross Weight 5157700 
(lbs) 8900 21,884 32,9000 | 155,000 to 
60,400 
Fuel Capacity 13,700 
(lbs) 197000 6460 10,000 62,920 to 
297900 
Fuel Consumption 
(1bs/hr) 611 1001 2015 5600 2600 
Maximum Endurance 5+00 to 
I on) 3400 6%00 5145 14+00 8430 
Maximum Range (NM) 350 700 1940 4500 TISO tO 
2100 
Radius of Action 2 575 tO 
(NM) БО 300 800 1600 1050 
Cargo Payload 2265 tO 
(155) 0 700 600 292000 10,800 
External Cargo 15,000: 
Load (lbs) 2000 6000 N/A N/A 
Rescue Hoist 
Capacity (lbs) 600 600 N/A N/A 600 
Notes: 
d Coast Guard aircraft characteristics were provided 
by the service's Office of Aviation Plans and 
Programs.  V-22 information was provided by Mr. 
James Magee, Program Manager for V-22 Variants, 
Bell-Boeing Joint Program Office. 
24 125 nautical miles with a rescue swimmer aboard. 
3x Double sling required. 10,000 lbs with single 


Sling. 


attempt to enter the country illegally (i.e., drug traffickers) and it 


provides quick response for medium range search and rescue. Although the 
V-22 could be used to intercept some civilian aircraft, intercept closure 
rates would be much slower than those achieved with the HU-25A. 

Yet, the V-22 has one advantage over the HU-25A. The Osprey can 


make recoveries while the HU-25A cannot. Even though the HU-25A can air 
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drop pumps and rafts, there are certain rescue missions that absolutely 
require recoveries (i.e., medical evacuations, people in the water, etc.). 
While the HU-25A's faster speed conceivably reduces detection time, a 
helicopter or surface resource is often needed to complete the case. In 
short, the HU-25A is faster, but the V-22 lessens the need for two 
resources. 

When compared with Coast Guard helicopters, the speed advantage 
rests with the V-22. It is twice as fast, a significant benefit for most 


mission scenarios. 


2. MAXIMUM GROSS WEIGHT 

By Coast Guard standards, the tilt rotor is a fairly heavy 
aircraft. Only the HC-130H is heavier. Under no wind conditions, the V-22 
can accomplish vertical takeoff and landings up to a gross weight of 
51,700 pounds. Bell and Boeing recommend a maximum gross weight of 60,400 
pounds for short field takeoffs and landings." 

The V-22's size and weight prevent it from taking off or landing 
on Coast Guard cutters (a requirement for the short range and recovery 
helicopter and a desirable feature for the medium range and recovery 
helicopter). Although a ship to aircraft in flight refueling system, much 
like current HIFR? systems could possibly be incorporated in the V-22 
design, the Osprey's inability to recover aboard Coast Guard cutters 
complicates matters. In order to guard against an equipment failure, 
prudent action would dictate that routine refueling operations begin while 
the V-22 possesses sufficient fuel to reach a shore side refueling site. 
Given the relatively long range of the V-22, a ship to aircraft refueling 
system might not be practical for Coast Guard operations. 

The weight of the V-22 also suggests that sensor packages aboard 


present HU-25 models could probably be incorporated into a tilt rotor 


"Straight and level flight with one engine inoperative cannot be 
maintained at gross weights above 60,400 pounds. 


MHelicopter in flight refueling 
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especially configured for the Coast Guard. Additionally, the V-22 
should be able to carry more rescue equipment than the HH-65A, HH-60J and 


the HU-25A. 
a FUEL CAPACITY 


In general, fuel capacity increases with aircraft weight and 
radius of action requirements. When considered with fuel consumption, it 
offers insight into aircraft range and endurance. The V-22 provides 
several choices. With internal sponson and wing tanks topped off, the 
Navy's combat search and rescue version of the Osprey is capable of 
carrying 13,700 pounds of fuel. By installing anywhere from one to four 
internal cabin auxiliary fuel tanks, fuel capacity can be increased to 
29,300 pounds (Each tank weighs 415 pounds and holds approximately 4,000 


pounds of fuel).? 


4. FUEL CONSUMPTION 

The V-22's fuel consumption is three times that of the HH-65A, 
more than twice that of the HH-60J, more than 500 pounds per hour greater 
than the HU-25A and much less than HC-130H. However, the V-22's speed 
advantage over the HH-60J makes it more competitive than one might think. 
Although the V-22 consumes 2,600 pounds of fuel per hour, compared to the 
1001 pounds per hour consumed by the HH-60J, the V-22's faster speed 
allows it to complete missions in less time than the helicopter. For 
example, on a 300 nautical mile radius of action mission, the HH-60J will 
take 4.8 hours to fly 600 nautical miles and burn 4,805 pounds of fuel. 
The V-22 completes the same mission in 2.4 hours and uses 6,240 pounds of 
fuel, while accumulating less wear and tear on the airframe. 

Of course, a Similar situation exists between the HU-25A and the 
V-22. In this case, the Falcon uses less fuel than the Osprey. The HU- 


25A will fly a 1200 nautical mile sortie in 2.9 hours and consume 5,844 


With all four auxiliary tanks installed cabin capacity is reduced. 
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pounds of fuel. A tilt rotor would take 4.8 hours to perform the same 
mission and consume 12,480 pounds of fuel in the process. 

Fuel consumption also depends on mission profile. Generally, jet 
engines are more efficient at higher rather than lower altitudes. For 
example, no matter what the gross weight, a HC-130H on a low level patrol 
(500 feet above sea level) consumes approximately 6,000 pounds of fuel per 
hour. At cruise altitudes (20,000 feet mean sea level), the HC-130H burns 
anywhere from 4,000 pounds of fuel per hour to 6,000 pounds per hour 
depending on aircraft weight. A similar effect is present in the V-22. 
At a gross weight of 50,000 pounds the V-22 consumes 2,650 pounds of fuel 
per hour at sea level, 2,550 pounds per hour at 10,000 feet and 2,850 


pounds per hour at 20,000 feet. 
5 MAXIMUM ENDURANCE 


Maximum endurance is a function of aircraft design, fuel load, 
pressure altitude, and airspeed. It is achieved by carrying a maximum 
fuel load and by consciously flying at the aircraft's maximum endurance 
airspeed.^" Additionally, endurance tends to vary indirectly with cargo 
payload. As cargo payload increases, fuel load decreases. 

Generally, the V-22 offers the same endurance as the HU-25A. The 
Falcon can remain airborne for 5.75 hours verses 5 to 9.0 hours for the 
Osprey. If internal cabin tanks are installed in the Osprey, the tilt 
rotor exceeds the endurance of all Coast Guard aircraft except the HC- 
130H. But, maximum endurance does not equate to maximum flyable distance. 
Maximum distance is achieved by operating at the aircraft's maximum range 
airspeed for the atmospheric conditions present during the flight.“ 

In a practical sense, endurance determines how long an aircraft 
can be employed before it must be refueled. But, each operational mission 


is unique. Urgency, mission, range to scene, search target, weather and 


“Varies with aircraft weight and altitude. 


"Varies with weight, altitude and wind direction. Approximately, 
4/3's faster than maximum endurance airspeed. 
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other variables influence a pilot's airspeed selection. Sometimes speed 
is more important than endurance (i.e., rescuing a person in the water). 
When an on scene presence is desired, endurance is more important than 
speed (i.e., maintaining covert contact with a suspect vessel). More 
often than not, missions require a combination of speeds. 

Depending on which tilt rotor auxiliary fuel tank configuration 
is selected, the V-22 can stay aloft from 5 to 8.5 hours. These times 
compare favorably with the HH-60J and the HU-25A. However, in the same 
time period the V-22 will fly much farther than the HH-60J. While the 
Osprey is slower than the Falcon, its longer endurance would enable it fly 


approximately the same distances as the HU-25A. 


6. MAXIMUM RANGE 

Maximum range is a function of aircraft design, fuel load, 
pressure altitude, wind and airspeed. It too tends to vary indirectly 
with payload. Maximum range defines the longest distance an aircraft can 
fly before it must be refueled.^ Depending on the number of auxiliary 
fuel tanks in use, the V-22's maximum range exceeds that of the HH-60J by 
a minimum of 450 nautical miles. With all auxiliary internal tanks 
installed, it has twice the range of the HH-60J. But, without internal 
fuel tanks, the V-22 falls short of the HU-25A. However, all four 


auxiliary cabin fuel tanks allow the Osprey to beat the Falcon. 


7. RADIUS OF ACTION 
Radius of action represents the maximum distance an aircraft can 
fly from a refueling site and return to the same place. Again, the V-22 
fairs well against existing Coast Guard resources, especially the 
conventional helicopters. While the HH-65A and HH-60J are limited to 150 
nautical miles and 300 nautical mile offshore respectively, the V-22 can 


operate out to 600 nautical miles offshore. With cabin auxiliary fuel 


“Historically, Coast Guard air assets have not been equipped for 
BBrcbparto to aircraft in flight refueling. 
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tanks installed, the V-22's radius of action would be even farther; 


however, internal cargo capacity would be reduced. 


8. CARGO PAYLOAD WITH NORMAL CREW AND MAXIMUM FUEL 

It is extremely difficult to establish a representative value for 
cargo payload. Generally, fuel can be decreased to increase payload 
capacity. In a ridiculous sense, maximum payload is achieved with no fuel 
aboard the aircraft. Since Coast Guard aviation missions often involve 
surveillance, a measure was selected that provided insight into both cargo 
capacity and range or endurance. 

In terms of cargo payload, the V-22 offers a wider range of 
Options than every aircraft except the HC-130H. Provided auxiliary fuel 
tanks are not installed, a vertical takeoff and landing can be 
accomplished with a full fuel load and a cargo payload up to 2,255 pounds 
(see Appendix E). If a short field takeoff option is available, a fully 
fueled V-22 without auxiliary fuel tanks can carry up to 10,800 pounds of 
cargo. If fuel load is reduced, the V-22 can carry 15,000 pounds of cargo 
over 300 nautical miles. 

Among Coast Guard aircraft, only the HC-130H can internally lift 
more weight than the V-22. Although the V-22 is versatile, it cannot 
match the cargo capacity of the HC-130H. The HC-130H can carry 43,000 
pounds of cargo 2,000 nautical miles or 20,000 pounds of cargo 3,800 
nautical miles or 5,000 pounds of cargo 4,500 nautical miles. 

Two other cargo related features of the V-22 are worth noting. 
It has a 858 cubic foot cargo hold and a rear cargo door to facilitate 
payload handling (more than enough room to meet the medium range and 
surveillance resource requirement). AS a means of comparison, Coast Guard 
operators are already somewhat concerned about HH-60J volume limitations. 
Although the HH-60J has reasonable internal payload capacity, the cargo 
area is limited to less than 234.8 cubic feet (Angert, telephone 


conversation, November 15, 1991). 
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9. EXTERNAL CARGO HOOK LIMIT 

The Osprey's external cargo hook surpasses the capabilities of 
current Coast Guard helicopters. However, the extra capability may not be 
necessary for Coast Guard operations. While the service used its HH-52A 
and HH-3F to perform external sling work, their volume capacities often 
permitted cargo to be carried internally. While there are concerns about 
cargo volume capacity in the HH-60J (with this helicopter pilots may have 
to think more in terms of external loads rather than internal cargo 
capacity), there appears to be sufficient room inside the V-22. The 
Osprey's external load capability would be a desirable feature rather than 


an essential one. 


10. VERSATILITY 

Although versatility is not explicitly expressed in any of the 
preceding  sub-sections, the comparison of aircraft characteristics 
suggests that the tilt rotor is an extremely flexible platform. The V-22 
nearly matches the speed of the HC-130H, but falls short of the HC-130H's 
internal lift capabilities. While the V-22 lacks the pure speed of the 
HU-25A, it could still accomplish most medium range surveillance resource 
missions. Electronic detection aids aside, the HU-25A performs its low 
level work (searches, pump drops, etc.) at 150 knots. In contrast, the 
V-22 can slow to optimum search speeds during encounters with poor 
visibility." Finally, unlike the HU-25A, the Osprey can make recoveries. 

While differing tremendously in size, the V-22 appears to 
outclass both helicopters. Its combination of speed, hover ability and 
cargo bearing capacity make it a unique package containing several 
desirable features for the Coast Guard (for a graphic comparison of some 


aircraft characteristics see Appendix F). 


"Optimum search speed is a function of target size, visibility, sea 
state and aircraft altitude. 
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В. COST CATEGORIES 
Available cost data prevented a complete life cycle cost analysis for 
each aircraft. However, interesting cost comparisons are presented in the 


following sub-sections of the thesis. 


l. UNIT ACQUISITION COST 
Acquisition cost includes the airframe, mounted engines, 
installed avionics, other hardware, non recurring expenditures test and 
demonstration, and in the case of the V-22, research and development. 
Table 3 shows the cost of each aircraft in then year dollars and compares 
the cost of each aircraft in 1990 dollars (GNP deflator used). 


TABLE 3 AIRCRAFT UNIT ACQUISITION COSTS 





HH-65A НН-60) HU-25A HC-130H V-22 
Unit Acquisition $3,500,000 $11,722,000 $4,996,000 $23,000,000 $30,000,000 
Cost ($ 1984) ($ 1990) (5 1981) (5 1989) (5 1986)! 
FY 1990 Adjusted $4,325,400 $11,722,000 $7,074,124 $24,569,021 $34,691,573? 
Unit Acquisition 
Costs 
Notes: 


Unit Acquisition Costs includes airframe, mounted engines, installed avionics, test and 
demonstrative. 


Sources: 
HH-65, HU-25, HC-130: Commandant, USCG (G-OAV) 
HH-60J: Commandant. USCG (G-AMR) 


V-22: Joint Services Advanced Vertical Lift Program Selected Acquisition Report dated 12- 
31-88. 


ІС Other weapons systems costs, military construction costs, and initial spares were excluded 
from unit cost for comparison with Coast Guard aircraft. Cost escalation information 
provided in the SAR was included in unit cost. When weapons system costs, military 
construction, and initial spares are considered, unit cost approaches $39,000,000. 


2 Given sufficient orders, Bell-Boeing marketing material indicates that unit costs could 


approach $16,000,000. If weapon system and construction costs parallel DOD, unit cost 
could approach $45,000,000. 
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Although the acquisition price represents only a small portion 
of life cycle costs, the V-22 calls for a substantial up front outlay of 
at least $34 million. However, Table 3 probably understates the 
acquisition costs associated with the HH-65A and the HU-25A. Both 
aircraft continue to experience engine, supply and maintainability 
problems that increase costs.” Nor does Table 3 reflect airframe 
upgrades made over time. Lastly, HH-65A and the HU-25A configurations 
differ significantly from their civilian counterparts; therefore, costs 
associated with reopening production lines would probably result in higher 
acquisition prices than those reflected in Table 3. 

Yet, the economic reality of sunk costs likely favors the 
existing air assets. If current aircraft remain in production, and the 
Coast Guard considers replacements in kind, the existing support base 
(Spare parts, tools, test equipment, ground service equipment, etc.) would 
probably represent a significant advantage for aircraft already in the 
field. 

A concept related to marginal costing applies as well. If the 
V-22 is considered as a replacement for current aircraft, acquisition cost 
would be a marginal concern for the tilt rotor, but unless additional 
purchases are planned, it would be an irrelevant cost factor for the 
existing air assets (investment in the existing resources has already 
taken place; consequently, acquisition cost would not be a marginal cost). 

The V-22 is not an airplane or a helicopter. Therefore, familiar 
measures may not adequately address its costs or potential. However, 
managers must sometimes compare dissimilar objects. In fairness to the 
V-22, the unit acquisition cost reflects several design features not found 


in current Coast Guard airframes. Some of these attributes include: 


“The ATF-3 engine on the HU-25A has not been a commercial success. 
Compressor, hot section, bearing and turbine problems with the HH-65A's 
LTS-101 engine caused the Coast Guard to consider completely re-engining 
the aircraft. 
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An airframe fabricated almost entirely of composite materials. Only 
1,000 pounds of metal are used. 


An automatic blade folding and wing stowing system. The V-22 is the 
first aircraft whose wings can be rotated parallel to the fuselage 
for compact storage 


The first fixed wing aircraft to use "cross-connected" propulsion 
Systems that ensure balanced thrust with one engine inoperative. 


Digital fly-by-wire control system. 
Digital flight management system. 


A single airframe with the capability to carry a 15,000 pound payload 
externally or a 10,000 pound payload internally. 


Ballistic tolerance. 

A completely hands off forward looking infrared (FLIR) sensor that 
responds to the pilot's head and projects the FLIR image on the 
pilot's visor. 

An on board inert gas generating system (OBIGGS) which replaces spent 
fuel with nitrogen to purge explosive fumes and improve crash 
survivability (Thornborough, 1990/7 azo). 


Built-in diagnostic systems with self test capabilities. 


Longer intervals between airframe overhauls (The Case for the V-22 
Osprey Program, 1990, p: 8)- 


A vertical takeoff and landing capability combined with the forward 
speed of a turboprop airplane. 


A terrain storage system with а multi-mode terrain radar 
(Thornborough, 1990 mp T823): 


An AN/ALE-39 missile warning set with chaff, flair and decoy 
dispensers (Thornborough, 1990, p. 25). 


Fire detection/halon filled suppressor units in the wing to increase 
crash survivability and reduce the effectiveness of 30mm ammunition. 


(The Bell-Boeing V-22 Osprey Tilt Rotor Aircraft Program, 1990, pp. 
1-30) 


2 INITIAL PROVISIONING 


Initial provisioning consists of both spare parts and repair 


parts used for maintenance and replacement purposes. Table 4 compares V- 


22 provisioning costs with those of the HH-60J (extensive archive research 


beyond the scope of the thesis would be necessary to determine the initial 


provisioning costs of the HH-65A, the HH-60J and the HC-130H). In this 


the V-22's initial provisioning costs appear to be slightly less 
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than those associated with the HH-60J. But, expenditures on the HH-60J 
are sunk costs. Therefore, provisioning cost advantages alone probably do 
Mot Justify V-22 procurement. 


TABLE 4 INITIAL PROVISIONING AND SPARES PER AIRCRAFT 





HH-65A HH-60J HU-25A HC-130H М-22 
2 3 

Initial | $2,910,00 $1,850,00 
Spares per 0 0 
Aircraft 
Sources: HH-60J: Budget Plans for the HH-60J. 

My Selected Acquisition Report, 12-31-88. 
Notes: 

а. Due to warranty programs, changes in contractor 
recommended spares list, and LTS 101 engine 
performance disputes, additional archive research is 
required to determine cost of initial provisioning. 

2% Due to warranty programs, changes in contractor 
recommended spares list, and ATF3 engine 
contracting, additional archive research is required 
to determine cost of initial provisioning. 

d Due to procurement of 1500 series in 1972, 1600 
Series in 1978, and 1700 series aircraft in 1989, 
additional archive research is required to determine 
cost of initial provisioning. 

34 ANNUAL PROGRAM FLIGHT HOURS 


Table 5 displays annual program flight hours, funded allowance, 
fleet wide program hours and fleet size. As the table indicates, the 
number of program flight hours vary by aircraft type. The table 
represents the annual flying time scheduled for each operational Coast 


Guard air resource. Once established, an aircraft type's program flight 
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hours usually remain fairly constant during the resource's service life. 
In essence, program flight hours define on an individual airframe basis 
the amount of flying time available for training and operational missions. 
For example, a Coast Guard air station consisting of three HH-65A 
helicopters would plan a total of 1,935 flight hours for the entire year. 


TABLE 5 AIRCRAFT PROGRAM INFORMATION 





HH-65A HH-60J HU-25A НСБ 508 

Program Flight Hours 645 700 800 800 
(hrs/yr) 
Funded Allowance 80 22. 32 26 
(£ of aircraft) 
Fleet Wide Program 49,855? 22,400 25,600 20,400? 
Hours (hrs/yr) 
Actual Fleet Size 96 32 41 30 
Notes: 

qe The Coast Guard is replacing HH-3F's with HH-60J's. 


This number represents the eventual fleet size. 
2. НН-65А: 
74 funded at 645 flight hours per year 
4 funded at 325 flight hours per year 
3 funded at 275 flight hours per year 
3: HC зон: 


25 funded at 800 flight hours per year 
1 funded at 400 flight hours per year 


The funded allowance refers to the number of Coast Guard aircraft 
operating in the field. The funded allowance differs from overall fleet 
size because aircraft are periodically withdrawn from service and 
overhauled at depot level maintenance facilities. 

When program hours for a particular aircraft type are multiplied 


by the funded allowance, the total number of fleet wide program flight 


“From time to time adjustments are made to account for changes in 
mission demands, aircraft age, reliability or logistics support. 
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hours can be determined. This figure represents the total number of 
flight hours a particular fleet will accumulate in any particular fiscal 
year. Fleet wide program hours embody the total number of flight hours 
available to perform training and to fly operational missions on a fleet 
wide basis. 

Fleet size accounts for the total number of aircraft in the 
service's inventory. It represents the total sum of all Coast Guard air 
assets of a particular type including aircraft assigned to field units, 
those in overhaul and attrition spares. 

For the sake of comparison, the Marine Corps is planning to 
operate each of their V-22's for 35 hours per month (Thombs, telephone 
conversation, October 25, 1991). Although the Marine Corps and Coast 
Guard flying environments are different, the Marine Corps' plan calls for 
each V-22 to fly 420 hours per year. However, all the Coast Guard's 
current aircraft operate at a higher program rate than 420 flight hours 
per year. Depending on which resource the V-22 replaces, mission demand 
levels might require a Coast Guard version of the tilt rotor to operate at 
program levels approaching 800 flight hours per year. 

Finally, program flight hours are important because they help 
establish Coast Guard aviation's operating and budgeting baseline. In 
terms of hypothetically formulating a V-22 fleet size for the Coast Guard, 
the concept of program flight hours becomes a key assumption in 
determining the number of tilt rotor aircraft necessary to replace an 


existing resource. 


4. ANNUAL FIELD LEVEL MAINTENANCE COSTS PER AIRFRAME 
Marine Corps estimates regarding V-22 field level maintenance 
costs are being reviewed, thus they are not currently available (Thombs, 
telephone conversation, October 24, 1991). Table 6 contains field level 
maintenance costs for the current fleet of Coast Guard aircraft. If the 
V-22 enters production and becomes a viable alternative for the Coast 


Guard, tilt rotor field level maintenance costs would be evaluated against 


61 


the field level maintenance costs of existing Coast Guard resources. 
Although these costs will increase with inflation and probably rise as 
existing resources age, Table 6 provides a near term measuring stick for 
the V-22c 


TABLE 6 FIELD LEVEL MAINTENANCE COSTS 





НН-65А HH-60J HU-25A НС ЕО 

Budget per flight Soa S S212 00 574799 5119798 
hour (ОС-30)! 
Annual Field Level 560,108 5147,700 SES ЭЗе 5957984 
Maintenance per 
Airframe’ 
Notes: 

d Source:  Commandant USCG (G-OAV). 

2% Computed by multiplying hourly budget rate and 


program flight hours: 


Bell and Boeing claim that the V-22 is two times more 
maintainable than CH-46 or H-3 generation helicopters (Magee, telephone 
conversation, October 25, 1991). But, the Coast Guard's current aircraft 
are a generation younger than the CH-46 or the H-3. Since the V-22 
incorporates newer technology than the current assets, the tilt rotor may 
offer a maintenance advantage over current air assets. But, the savings 
would probably be less than that projected for the Marine Corps.” 
Although various estimating techniques can be used to predict V-22 field 
level maintenance costs, a high degree of certainty may not be available 


until the V-22 actually enters service with a Department of Defense 


component. 


“According to the Institute for Defense Analysis, a highly respected 
Washington D.C. think tank, the V-22 is 1.3 to 2.2 times more cost 
effective for Marine Corps operations than a mix of UH-60 and CH-53 
helicopters (Flight International, July 3. 1990, p. 16). 
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D ANNUAL DEPOT LEVEL MAINTENANCE COSTS PER AIRFRAME 
Marine Corps estimates regarding V-22 depot level maintenance 
costs were under review and thus not available (Thombs, telephone 
conversation, October 24, 1991). Table 7 outlines depot level maintenance 
costs for existing aircraft types in Coast Guard service. Again, these 
figures represent bench mark targets that would be compared with V-22 
depot level maintenance costs. 


TABLE 7 DEPOT LEVEL MAINTENANCE 


HH-65A HH-60J HU-25A HC-130H 





Budget per 82702220 5954.009 5123615 $994.25 
flight hour (OG- 
41)! 


Annual Depot 35570,5381 $667,800 $989,020 $795,400 


Level 
Maintenance per 
Airframe- 


Notes: 
Source:  Commandant, USCG (G-OAV). 


1. 
2c Computed by multiplying hourly budget rate and 
program flight hours 


Bell and Boeing claim that the interval between fixed overhauls 
for the all composite V-22 airframe is much greater than the period for 
conventional aluminum aircraft (The Case for the V-22 Osprey Program, 
E220, p. 8). Although the need for overhauls is not completely 
eliminated, this requirement is significantly reduced. It represents a 


major marginal benefit over existing Coast Guard air assets. 


6. SUPPORTABILITY 


The V-22 is includes several features that enhance supportability 


and reliability. Some are listed below: 
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e An all composite airframe designed to resist corrosion in a salt 
water operating environment.” 


e Solid state digital avionics and four multi-function color display 
tubes in the cockpit. 


e Engines incorporating 39 easy to change field replaceable units. 


e À diagnostic engine monitoring system. 


With the recent exceptions of the HH-65A and the HU-25A, the 
Coast Guard has traditionally favored aircraft types being operated by at 
least one other branch of the armed forces. Provided the V-22 is fielded 
by a Department of Defense component and subsequently acquired by the 
Coast Guard, all parties could conceivably benefit from larger replacement 
parts orders that would tend to reduce costs. Additionally, the Coast 
Guard might be able to take advantage of Department of Defense depot level 
test and maintenance facilities. In this regard, the Osprey offers 
advantages similar to those provided by the Coast Guard's HH-60J and HC- 
ПОН 

In terms of supportability, the Coast Guard learned some valuable 
lessons from its HH-65A and HU-25A acquisitions. Since both aircraft were 
primarily designed for commercial applications, parts reliability under 
Coast Guard operating conditions was untested. Therefore, some component 
failure rates tended to be higher than expected and parts shortages were 
not uncommon. Unfortunately, the Coast Guard experienced the other 
extreme as well. Since Coast Guard inventory modeling capabilities were 
limited, the service significantly over estimated other component failure 
rates. Also, the Coast Guard was unable to adequately validate inventory 


Stocking levels recommended by the contractors. Today, a S95 million 


"More than 70$ of the Osprey is fabricated from composites. The wing 
is made primarily from Hercules IM-6 graphite/epoxy solid laminate. The 
fuselage and  empennage incorporate additional А$4 graphite fiber 
materials. 


“Various models of the HH-60 and C-130 are flown within the 
Department of Defense. 
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overstock situation can be directly attributed to the service's poor 
inventory estimates early in the HH-65A and HU-25A programs." (Halvorson, 
telephone conversation, October 17, 1991) 

Although these lessons learned represent sunk costs, they 
highlight an interesting point. Demand forecasting is easy to do in 
theory, but much harder to do in practice. If the V-22 first enters 
service with the Department of Defense, then the Coast Guard could receive 
access to actual tilt rotor support and maintenance costs. 

The V-22 conceivably offers a supportability advantage over the 
HH-65A and the HU-25A. Since both the HH-65A and the HU-25A are produced 
in France, long lead times are sometimes necessary to ensure adequate 
parts supplies. With these two aircraft, the Coast Guard is committed to 
a foreign sole source manufacturer whose lead times result in higher 
inventory costs (Halvorson, telephone conversation, October 17, 1991). 
The V-22 could offer lead times comparable to those affiliated with the 
HH-60J and HC-130H, rather than those affiliated with the HH-65A and the 
HU-25A. 

Lastly, the V-22 program involves two prime contractors, Bell and 
Boeing. Although both contractors are working closely to develop the tilt 
rotor, plans eventually call for Bell and Boeing to compete against each 
other on future production runs. Therefore, the competitive nature of the 
V-22 program might eliminate or greatly reduce the problems accompanying 


sole source procurements similar to the HH-65A and the HU-25A. 


T: MANPOWER 
Table 8 outlines the direct work billets associated with the 
service's aircraft types. They represent targets which the V-22 would 
have to match or beat. In the simplest terms, direct work billets account 
for those personnel that would accompany an individual air asset to a 


Coast Guard air station. However, direct work billets are not an all 


“The inventory value is $600 million. 
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inclusive measure of manpower because they do not account for command and 
control or support billets. 


TABLE 8 DIRECT WORK BILLETS PER AIRFRAME 





Billets НН-65А HH-60J HU-25A HC-130H V-22 
Pilots 2 3 2 3 2523 
Enlisted 10 17 41 22 15/48 
Personnel 
Source 1 T 1 1 2 
Source: l: Commandant, USCG (G-OAV) 

2: Commandant, USMC 


In the Marine Corps, the V-22 appears to decrease manpower 
requirements compared to conventional helicopters. Today, the Marine 
Corps has 4,500 uniformed people involved in direct medium lift support. 
It is expected that the Osprey will reduce manpower requirements by 
approximately 750 people. (Placing V-22 Costs in Perspective, Executive 
Summary, July зо, тзп у), 

The Marine Corps approaches aircraft maintenance differently than 
the Coast Guard. The Marines use three maintenance levels, while the 
Coast Guard uses two. The Marine's maintenance strategy involves a line 
level, an intermediate level and depot level facilities. The following 


list addresses the work performed at each maintenance level: 


e Line level - General maintenance, phase inspections, quality 
assurance, corrosion control, hydraulic, airframe and power plant 
maintenance. 

e Intermediate level - Component repairs. 

e Depot level - Major airframe overhauls. 


In comparison, the Coast Guard uses a line level, which is capable of 
performing some component repairs, and depot level facilities. 
Although Coast Guard and Marine Corps maintenance strategies are 


different, the proposed structure of a V-22 squadron provides some insight 
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into the direct support necessary to maintain the Osprey. Plans call for 
V-22 squadron's to be made up of 12 aircraft. Squadron personnel would 
consist of 32 officers, 28 of whom would be pilots, and 190 enlisted 
members. The enlisted force is divided so that 134 members would be in 
line maintenance and 56 members would be in intermediate level 
maintenance. (Kiley, telephone conversation, October 23, 1991) 

Taking a straight average that includes the line and intermediate 
maintenance levels, a single Marine Corps' V-22 is supported by 2.3 pilots 
and 15.8 enlisted people. Provided V-22 program hours within the Coast 
Guard and the service's aviation environment were similar to the operating 
conditions in the Marine Corps, the Coast Guard could use approximately 
the same number of pilots and enlisted members for its version of the tilt 
rotor. If the different maintenance structures in the two services are 
taken into account, with half the Marine Corps intermediate maintenance 
level being considered depot level activity in the Coast Guard, then each 
V-22 assigned to a Coast Guard air station could potentially be supported 
by 2.3 pilots and 13.5 enlisted members.  Roughly speaking, the averages 
suggest that the Osprey requires slightly less manpower support than the 


Coast Guard's medium range recovery resource, the HH-60J. 


8. CREW 
Plans call for the Navy's combat search and rescue version of the 
V-22 to be operated by a crew of five, two pilots and three enlisted 
aircrew members. A five member crew, possibly a pilot, copilot, load 
master, hoist NES and scanner, seems sufficient for the Coast Guard 


version as well. 


9. COST SUMMARY 
As discussed in Chapter III, many opinions exist about the cost 
effectiveness of the V-22. The cost information gathered in this chapter 
was primarily used to provide a first look at the V-22 in comparison to 
existing Coast Guard air assets. Although this cost information does not 


meet the rigid standards of a formal cost benefit analysis, it does 
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highlight three important areas: acquisition cost, field level maintenance 
and depot level maintenance. 

At $34 to $45 million each, the V-22 unit acquisition cost is 
much greater than the acquisition cost of a HC-130H. The V-22 would 
probably be difficult for the Coast Guard to justify. However, if 
sufficient quantities are produced so that unit acquisition costs approach 
$16 million, the tilt rotor begins to become much more cost effective. 

The second and third major issues focus on field level and depot 
level maintenance costs. Since projected Marine Corps costs are still 
under review, the degree of maintenance cost uncertainty associated with 
the V-22 remains high. Interestingly, this assessment is shared by 
commercial airline operators. At Rotor and Wing International's Civil 
Tilt Rotor Symposium in June of 1990, civil airline operators indicated 
that as long as the Osprey's operating costs were greater than equivalent 
capacity turboprops, it would be unwise to purchase the V-22 (Snyder, 
personal interview, September 3, 1991). 

Several cost issues would be intimately tied to the number of 
tilt rotors purchased and the employment strategies adopted by the Coast 
Guard. The V-22 could potentially allow the Coast Guard to perform its 
air related missions with fewer aircraft than currently employed. This 
potentiality could be a significant marginal benefit in favor of the V-22. 
Another possibility involves replacing more than one existing air resource 
with the tilt rotor. This action could also lead to cost savings directly 
attributable to the V-22. Under both scenarios, training costs might 
decline making the case stronger for the V-22. Lastly, given the V-22's 
speed advantage over conventional helicopters, fixed costs could 
potentially be reduced through air station closures. However, extensive 
analysis of these issues turned out to be beyond the scope of the thesis. 

If the V-22 is produced, it creates a complex Coast Guard 
acquisition decision. However, the sunk costs and relatively young age 


associated with the service's existing aircraft are strong economic 
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arguments to retain the use of these assets. Among the Coast Guard's 
current aircraft, the HU-25A will be the first to reach the end of its 
useful service (2001). Therefore, the Coast Guard has sufficient time to 


evaluate the cost factors related to the V-22. 


C. A MEASUREMENT FOR A FLEET WIDE COMPARISON 

То determine the number of V-22's that would be required to replace 
each existing aircraft fleet, three potential measures were considered. 
These measures were equal cost, equal lift and equal range. Since Coast 
Guard aircraft operations involve rescue, surveillance and interdiction, 
equal range was selected as a means to compare fleet sizes. Equal lift 
was ruled out because it did not seem to capture the essence of Coast 
Guard flight operations. Equal cost was rejected because the cost data in 
the previous section was incomplete. Again, after reviewing the mission 
requirements previously discussed in Chapter IV, range seemed to be the 
most appropriate measure for fleet wide comparisons. 

Based on established program rates discussed earlier in the chapter 
and listed in Appendix G, Table 9 provides the annual range of a single 
aircraft of each particular type, the fleet wide range of existing 
resources, a V-22 range equivalent fleet size and the funded allowance 
currently in the field. Annual fleet wide range was obtained by 
multiplying the funded allowance by the annual range of a individual 
aircraft of each type. 

Assuming that a single V-22 could be programmed to fly 750 flight 
hours per year (more than the HH-60J helicopter but less than a HU-25A 
jet), a single V-22 could theoretically fly 187,500 nautical miles in one 
year. Dividing current annual fleet wide total ranges by 187,500 nautical 
miles yielded the V-22 range equivalent fleet size. However, no allowance 
was made for attrition spares or aircraft being rotated through overhaul. 

As expected, fewer V-22's (approximately 40$ as many aircraft) are 


required to fly the same distance as the HH-65A fleet. The same 
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TABLE 9 FLEET SIZE EQUIVALENT RANGE MEASUREMENT 


HH-65A HH-60J HU-25A HC-I30H 





Single 80,625 By DO 3287000 232 7000 
Aircraft 

Annual 

Range at 

Cruise 

Airspeed 

(NM) 


^ 


Annual 6723171275. 2,200,000 107 496, 006 5, 9 LODS 
Fleet Wide 
Total Range 


(NM) 

Funded 80 32 41 30 
Allowance 

V-22 Range 33 T5 56 32 
Equivalent 


Fleet Size 
at Cruise 


Airspeed’ 
Notes: 
Ie Calculated with 4 HH-65A's at 325 hrs/yr and 3 at 
275 hrs/yr. 
2 Calculated with 1 HC-130 at 400 hrs/yr. 
3: Assumes that the V-22 was programmed to fly 750 


flight hours per year. 


observation holds true for the HH-60J fleet (approximately 50% as many 
aircraft). But, a V-22 fleet intended to replace the HU-25A or the HC- 
130H would have to contain more aircraft than currently employed in either 


case. 


D. CHAPTER SUMMARY 

Performance characteristics indicate that the tilt rotor has several 
advantages over the Coast Guard's conventional helicopters. However, when 
compared to the service's fixed wing assets, the V-22's advantages are 
less clear. Substituting the V-22 would mean foregoing the speed of the 
HU-25A or the lift capacity of the HC-130H. On the other hand, the v-22 


would provide a recovery capability not offered in the current mix of 
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aircraft as well as the ability to transport relatively heavy loads to 
remote sites. 

As far as costs are concerned, more research is required. Added 
capabilities aside, the initial acquisition cost of the V-22 represents a 
big hurdle during times of federal fiscal constraints. Büt; the tilt 
rotor offers potential cost savings that could enhance its affordability. 
As additional cost information becomes available, a clearer case could be 
made for or against the V-22. In any event, the sunk costs associated 
with the Coast Guard's existing aircraft probably makes them very 
attractive, at least until they reach the end of their useful service 
life. 

Nevertheless, the V-22 could potentially bring several desirable 
features to the service's aviation environment. Therefore, the next 
chapter proposes possible V-22 employment strategies to assimilate the 


tilt rotor into Coast Guard aviation. 
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VII. ASSIMILATING THE V-22 INTO THE COAST GUARD 

Since a favorable V-22 production decision remains possible, this 
chapter takes a subjective look at potential tilt rotor employment 
strategies the Coast Guard could adopt. If the V-22 is produced at an 
affordable price, the tilt rotor has the potential to become an integral 
part of the Coast Guard's aviation resources. 

This chapter looks at three broad employment schemes or strategies 
that take advantage of the tilt rotor's capabilities to meet the mission 


needs discussed in chapter four. These strategies include: 


e Using the V-22 as the service's primary recovery resource. 


e Using the V-22 as a medium range recovery and/or surveillance 
resource. 


e Using the V-22 to fill gaps not covered by current air assets. 


Since the Marine Corps is still reviewing the V-22's operating and 
maintenance costs, the chapter approaches each potential strategy in a 
general manner. Political considerations could make some strategies more 
appealing than others. Quantitative marginal benefits and marginal costs 
could favor others. In any case, the situation will be clearer as more 
accurate cost data becomes available. 

Although some cost information is incomplete, this chapter reviews the 
strengths and weaknesses associated with the each employment strategy. 
This chapter's goal is to establish a valid picture of the hurdles the 


tilt rotor must overcome to become an operational Coast Guard aircraft. 


A. THE V-22 AS THE SERVICE'S PRIMARY RECOVERY RESOURCE 

Under the terms of this strategy, the V-22 would become Coast Guard's 
primary air recovery vehicle. In essence, the strategy consolidates the 
mission needs embodied by the short range and medium range recovery 


resources. However, the strategy faces one major operational drawback. 
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The tilt rotor cannot deploy or operate from existing Coast Guard flight 
decks. Since the service is unlikely to forego this capability, a small 
contingent of HH-65A's, HH-60J's or some other rotary wing resource would 
still be required to meet deployment commitments. Although this strategy 
fails to totally eliminate the need for short range recovery resources, 
the strategy has merit. 

At first glance, the idea of significantly reducing the role of the 
HH-65A or replacing this 8,900 pound helicopter with a 60,000 pound tilt 
rotor seems like "gold plating". Even if the V-22's mission included 
medium range recovery, V-22 benefits would have to be significant for the 
strategy to be worthwhile. Both the HH-65A and the HH-60J currently 
satisfy the service's mission requirements. Additionally, both 
helicopters are relatively young. The HH-65A entered Coast Guard service 
in 1985 and the HH-60J became operational in 1991. Therefore, the HH-65A 
and the HH-60J have respectfully 14 years and 20 years of useful service 
Wife remaining.” 

However, a viable tilt rotor would offer several advantages worthy of 
a cost/benefit analysis. As indicated in the previous chapter, 48 V-22's 
could potentially replace 80 HH-65A's and 32 HH-60J's. While the size of 
the V-22 fleet might have to be increased to account for the likelihood of 
simultaneous responses, the number of V-22's required to perform the short 
and medium range recovery missions should be significantly less than the 
number of helicopters used today. Furthermore, fewer aircraft could mean 
much lower ee сны кешедь жш, supply and manpower costs. 

Other cost savings could be achieved through air station closures. 
For example, the map in Appendix H locates current air stations. Although 


the distance between these facilities varies, the average separation in 


since entering Coast Guard service, the HH-65A has been a 
maintenance intensive helicopter. It has experienced engine problems and 
suffered inter-granular corrosion in the composite airframe. А telephone 
conversation with Lieutenant  Palmquist, Coast Guard Aeronautical 
Engineering Branch, indicated that decision makers were looking for 
alternatives to the HH-65A. 
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the continental United States is approximately 203 nautical miles (eight 
air stations are separated by less than 180 nautical miles). The average 
half way point between air stations is just over 100 nautical miles. At 
HH-65A and HH-60J cruise airspeeds the mid point between air stations is 
reached in 48 minutes. In the same time, the V-22 traverses 202 nautical 
miles. Therefore, tilt rotor air stations could be positioned further 
apart than today's rotary wing facilities. However, this relocation would 
increase geographic areas of responsibility for the air stations remaining 
open, which could offset the benefits of the V-22's speed advantage over 
the HH-65A and the HH-60J. 

While fixed cost reductions associated with air station closures are 
appealing, other factors could make this an extremely unattractive option. 
Rescue service, law enforcement and environmental response capabilities 
would decline near the closed facility. This decreased responsiveness 
could generate adverse public opinion and a backlash political reaction. 

Politically, it could be difficult to phase out certain facilities, 
especially those with long established histories and those that are 
integral parts of relatively small communities. Large metropolitan areas 
are not likely to give up adjacent Coast Guard air stations either. Over 
the past decade, the Coast Guard has repeatedly tried to close Air Station 
Chicago. 

Indeed, obtaining Congressional approval to close air stations due to 
the V-22 introduction could turn out to be politically impossible. From 
a parochial perspective, air station closures may not be in the best long 
term interest of the Coast Guard. As air stations are closed, the Coast 
Guard could find itself with decreasing Congressional support. 

Finally, the strategy carries a certain element of risk. Since only 
a minimal number of conventional helicopters would be set aside for 
Shipboard deployment operations, recovery efforts would primarily fall on 
the tilt rotor. A fleet wide tilt rotor maintenance or supply problem 


could adversely impact aircraft availability. Operations could suffer 
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significantly. In comparison, today's strategy of using two types of 


recovery resources mitigates the effect of problems in either community. 


B. THE V-22 IN THE MEDIUM RANGE RECOVERY AND/OR SURVEILLANCE ROLES 

Of the four mission areas described in chapter four, the medium range 
recovery and surveillance missions offer the best fit for the tilt rotor. 
The V-22 could easily fill both roles, if slower speeds could be tolerated 
for the medium range surveillance mission and shipboard compatibility 
foregone in the medium range recovery mission. Again, the result could be 
fewer aircraft and a corresponding reduction in support costs. 

A tilt rotor offers several advantages over the two aircraft now in 
place. In search and rescue operations, the V-22 has significant speed 
and range advantages over the HH-65A and the HH-60J. Just as importantly, 
the V-22 eliminates the need for fixed wing aircraft to fly long searches 
and helicopters to recover survivors. (Goward, 1990, p. 83-85). The tilt 
rotor performs both tasks while extending the recovery zone well beyond 
that reachable with the HH-60J. 

For law enforcement the V-22 offers interesting tactical capabilities 
not available in either the HH-60J or the HU-25A. In the Southeastern 
United States and the Bahamas, the V-22 could be used instead of the HU- 
25A to intercept, identify and, if appropriate, shadow aerial smugglers as 
well as carry the apprehension team.* | Even though the HU-25A has a 
marked speed advantage over the V-22, many of the aircraft used by 
smugglers are relatively slow so that they can use small airports or 
unimproved fields. Consequently, the V-22's decrease in performance 
should not be overly detrimental to mission accomplishment. In fact, the 
option to carry the apprehension team aboard the intercepting aircraft 


could enhance law enforcement operations by eliminating the need for a 


"when a suspect aircraft is detected, current doctrine calls for a 
HU-25A to be launched to make an identification and if necessary follow 
the aircraft. A helicopter carrying an apprehension team then rendezvous 
with the HU-25A and waits for the suspect aircraft to land. 
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cumbersome rendezvous at the smuggler's landing site." (Goward, 1990, pps 
83-85) 

The V-22 brings several other important advantages to law enforcement. 
It could be used to patrol larger areas than the HH-60J and thereby 
increase the service's law enforcement presence. The tilt rotor's ability 
to hover and its slow flight capability would also allow it to easily make 
detailed identifications. Fixed wing aircraft on the other hand, must 
remain above stall speeds. 

Three areas of interest are relevant to logistics missions, where the 
V-22's volume and cargo capacity could be more advantageous than that 
associated with the HH-60J and the HU-25A. First, the HU-25A is not a 
cargo aircraft, while the V-22 provides greater cargo capacity (Saylor, 
telephone conversation, September 17, 1991). The V-22 could carry sensor 
suits currently installed aboard the HU-25A while still retaining the 
ability to perform logistics missions. 

Second, Alaska air stations, which are scheduled to replace their HH- 
3F's with HH-60J's in the spring of 1992, are already concerned that the 
HH-60J does not have the internal capacity to support aids to navigation 


3 In contrast, the V-22 has the 


missions or other logistics activities. 
volume capacity to handle these missions. 

Third, a Bell and Boeing study concluded that the V-22 was a excellent 
platform for transporting environmental clean up equipment to isolated 
pollution sites (Samouce, 1990, pp. 1-12). Although the HH-60J can 


deliver material to remote locations, it does not offer the total range 


and payload capacity of the V-22. The HU-25A is also out classed. It has 


3A Bell and Boeing study indicates that the V-22 is large enough to 
perform the Coast Guard's law enforcement mission. According to Bell and 
Boeing the tilt rotor can carry a sophisticated avionics suit, including 
the APG-66 radar and infrared sensors, the apprehension team and airframe 
mounted weapons for protection (V-22 Military Studies and Analysis, 
Executive Summary, 1990, pp. 7-1 to 7-5). 


“Tf the Coast Guard begins using standardized containers (CONEX 
boxes) on HH-60J external load missions, this issue may be resolved. 
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a very limited cargo capacity and it must land and takeoff from prepared 
surfaces. 

However, an interesting dilemma develops when the V-22 is considered 
solely for the medium range surveillance mission. Here, the HU-25A 
maintains some advantages over the tilt rotor. 

While tilt rotor advocates claim that the V-22's speed is sufficient, 
there are times when faster is better. In maritime search and rescue, law 
enforcement, environmental protection and national defense, speed can be 
important. In rescue situations it shortens enroute time, in law 
enforcement cases it decreases intercept times and in pollution response 
efforts, like the Exxon Valdez grounding and the Persian Gulf, it reduces 
pollution response and mapping times.* 

The HU-25A also gives a commander the ability to dispatch an aircraft 
and quickly obtain on scene information. In several scenarios, this 
information could critically influence further Coast Guard responses or 
significantly enhance prospects for a successful operation. Yet, after 
arriving on scene, the HU-25A operates at speeds comparable to those of 
the V-22. 

Lastly, a Coast Guard version of the Osprey would be compatible with 
V-22's in the Department of Defense. The potential for mutual maintenance 
and support arrangements could lower costs for all parties and undoubtedly 
facilitate interoperability. 

Although not an identical replacement for the HU-25A, the V-22 meets 
most of the medium range surveillance mission requirements. Since the HU- 
25A nears the end of its service life at the turn of the century, it could 
represent the first opportunity for the tilt rotor to enter Coast Guard 
service. If the slower speed of the V-22 can be accepted, then the Coast 


Guard could gain an aircraft with greater versatility than the Falcon jet. 


5Two HU-25B "Aireye" Falcon's with the APS-131 side looking aerial 
radar were used to map the Persian Gulf oil spill. 
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The Coast Guard's newest helicopter, the HH-60J, creates a problem. 
The sunk costs associated with the helicopter give it a tremendous edge 
over the V-22. That advantage means that the V-22 might not be able to 
replace the HH-60J outright. The HH-60 series has proven to be reliable 
and maintainable; consequently, it would be unreasonable to retire this 
helicopter before the end of its 20 year service life. Besides, this 
rotary wing series is widely used by Department of Defense components and 
the Coast Guard; therefore, it should be supportable for several years. 

However, the HH-65A's poor maintenance and availability track record 
raises a significant question. The HH-60J could be shifted to the short 
range and recovery mission to make room for the tilt rotor. This action 
would again give the Coast Guard a mix of primary air assets that were 
common to the Department of Defense (the HH-60J, the V-22 and the HC-130). 
Of course, the service would have to accept reductions in deployability 
and increase the size of flight decks on future cutter designs to more 
easily accommodate the larger helicopter.” 

The operational risk associated with using the V-22 in one or both of 
the medium range capacities would be less than making the tilt rotor the 
service's sole recovery resource. If fleet wide maintenance of supply 
problems developed, a short range recovery resource and a long range 
surveillance resource would still be in place to substitute for the tilt 
EOoLPoOr 

As a final thought, three mission gaps exist with the service's 
current mix of aircraft, law enforcement, limited mid range logistics 
capabilities and Alaskan operations. While these gaps are not major 


shortcomings, they could represent an opportunity for the tilt rotor to 


These shipboard design changes represent substantial marginal costs 
that could make it uneconomical to phase out the HH-65A. Not only would 
larger flight decks be desirable, but shipboard support systems, such as 
JP-5 fuel tanks and fresh water wash holding tanks, would also have to be 
modified to meet the higher demands associated with the HH-60J. 
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prove itself in the Coast Guard aviation environment. However, a more 
diversified mix of aircraft could result in higher overall aviation costs. 

In the final analysis, the V-22 could become an extremely capable 
medium range recovery and/or surveillance resource. But, the HH-60J and 
the HU-25A are both effective resources currently operating in the field. 
Therefore, the Osprey could have a difficult time replacing either 


resource. 


C. SUMMARY 

In essence, three tilt rotor assimilation strategies appear possible. 
These include making the V-22 the service's primary recovery aircraft, 
moving the V-22 into the medium range recovery and surveillance missions 
or using the V-22 to fill operational gaps in the existing asset base. 

However, each strategy has unique attractions and distinct risks that 
involve several operational, economic and political issues. While the 
primary recovery resource strategy could offer lower costs through air 
station closures and reductions to the number of aircraft now in service, 
it still requires that a small helicopter be retained for shipboard 
operations. Fewer air stations could also mean less Congressional 
support. In addition, eliminating both helicopters reduces the redundancy 
inherent in the dual recovery system. 

The medium range recovery and surveillance missions probably offer the 
best operational fit for the Osprey. Since the HU-25A has a recovery 
capability, possible.options include replacing the HH-60J, the HU-25A or 
both current assets. The V-22 out performs the HH-60J and it reasonably 
approaches HU-25A performance. But, the HH-60J is brand new and the HU- 
25A is more efficient (lower costs, less fuel consumption and greater 
speed) than the V-22 in a pure surveillance role. However, the V-22 has 
greater cargo capacity than the HU-25A and it reduces the need for dual 
(fixed wing and rotary wing) rescue and law enforcement responses. 


Additionally, the strategy carries less operational risk than using the 
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tilt rotor as the service's primary recovery aircraft. A mix including a 
short range recovery helicopter, tilt rotor and long range surveillance 
aircraft offers some redundancy not available with the primary recovery 
resource option. Air station closures are also not as strongly tied to 
this approach; therefore, the political atmosphere could be much more 
receptive to the medium recovery and surveillance strategy. 

Finally, the V-22 could fill operational gaps not covered by the 
service's current air assets. However, federal budget constraints would 
probably make this strategy very difficult to implement. 

In the final analysis, the V-22 could significantly enhance the Coast 
Guard's operational capabilities. However, it must be affordable before 


it is assimilated into the Coast Guard aviation inventory. 
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VIII. CONCLUSIONS 
This chapter is divided into two sections: the first section answers 
the studies primary research questions and the last section outlines areas 


for further research. 


А. CONCLUSIONS 
The thesis tried to answer the following questions about the V-22 tilt 


motor aircraft: 


e What is the history of tilt rotor development? 

e What are the major economic arguments shaping the tilt rotor debate? 

e What are the potential implications on the Coast Guard's current mix 
of aircraft of a favorable Department of Defense or a Congressionally 


mandated decision to produce the V-22? 


e In terms of cost and performance, how does the V-22 compare with the 
four major aircraft types already in Coast Guard service? 


e Is there an affordable role for the V-22 in Coast Guard aviation? 


While the study did not reveal a definitive answer to each research 
question, the thesis outlines several economic and political issues that 
are shaping the tilt rotor production decision. 

The following sub-sections discuss the major conclusions yielded by 
the research. The conclusions fall into five broad areas consistent with 


the primary research questions. 


1. HISTORICAL DEVELOPMENT 
The V-22 embodies over 55 years of combined Bell and Boeing tilt 
rotor experience. This experience includes 9,000 hours of wind tunnel 
tests and 1,000 hours of flight simulator development. The first four V- 
22 prototypes have also accumulated more than 500 flight hours during more 
than 400 flights since the first V-22 made its maiden flight on March 19, 


1989. Flight test milestones include: 
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e Successful conversions from vertical takeoff mode to fixed wing 
turboprop and back. 


e А top speed of 349 knots in a 12,000 foot-per-minute dive. 
e Level fight speeds up to 283 knots. 

e Flight пр со 21,5005reet. 

e Flight maneuvers up to 2.3 "G" loads. 


Ф А cross country flight of 1210 nautical miles from Wilmington, 
Delaware to Dallas, Texas. 


e Simulated instrument flight. (Harvey, August 1991, p. 26) 


Furthermore, the V-22 technology base stems from 40 years of research and 
development extending from the XV-3 aircraft through the Army and NASA XV- 
l5 proof of concept aircraft. 

While early hybrid helicopter/airplane designs showed that an 
aircraft could be converted from helicopter mode to airplane mode in 
flight, performance penalties and reliability issues restricted their 
usefulness. None ever entered production. However, the XV-15 and the 
V-22 seem to have validated the technical feasibility of the tilt rotor 
design. While the research suggested some concern over the recent crash 
of prototype number five, the tilt rotor remains technologically viable. 
In fact, Bell and Boeing officials insist that the V-22 is an extremely 


reliable and maintainable aircraft. 


2. A REVIEW OF THE MAJOR ECONOMIC ISSUES SURROUNDING THE V-22 

While the technological issues surrounding the tilt rotor appear 
resolved, questions about the cost effectiveness of the design persist to 
this day. While several independent studies indicate that the V-22 is the 
most cost effective resource for meeting Marine Corps medium lift 
requirements, the issue is not as clear when it comes to Department of 
Defense priorities or national public policy concerns. 

Currently, the Marine Corps and the Office of the Secretary of 
Defense dispute the need for the V-22. The Marine Corps favors it, but 


Secretary Cheney believes it is too expensive. While there are some 
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indications that the Secretary of Defense may reverse his  V-22 
cancellation decision, such action is not assured. 

With major V-22 contractors in Pennsylvania, Texas and Indiana 
and other contractors dispersed across 45 states, the tilt rotor enjoys 
considerable support on Capital Hill. A Tilt Rotor Technology Coalition, 
headed by U.S. Representative Curt Weldon (Republican - Pennsylvania), 
views the tilt rotor as vital to the nation's commerce (Harvey, June 1990, 
ER" 34); But, the aircraft remains controversial as Congressional 
decision makers and the Bush administration look to reduce defense 
Spending. 

While politics could decide the V-22, several economic arguments 
are being used to foster tilt rotor support. These arguments, explained 


in more detail in Chapter III, include: 


e Potential V-22 commercial applications. 

e Positive externalities. 

e Opportunity to improve the trade balance. 

e Reductions in Unemployment. 

e A means to maintain the national defense industrial base. 


e Improved contractor relations. 


While the value of reducing unemployment through V-22 production is 


debatable, the other arguments appear to have merit. However, their 
benefits are extremely difficult to quantify. Similarly, there is no 
assurance that the V-22 will be marketable in the private sector. There 


are commercial concerns that the tilt rotor could be more expensive to 
Operate than existing turboprops and capital expenditures are necessary to 
implement "vertiport" service. Therefore, job creation and commercial 
applications should not be used as the primary justification for a V-22 


production decision. While the idea of federally supported "spin off" 


"The Tilt Rotor Technology Coalition includes approximately 100 
bipartisan members of Congress and industry leaders. 
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technologies sounds like a good acquisition strategy, it is a questionable 
near term economic activity. Although one could argue that private and 
public sector support was appropriate for the long term research and 
development necessary to produce V-22 prototypes, continued support would 
isolate the tilt rotor from the near term market signals that will 
determine whether or not it is a commercial success (Gates, 1988, p. 40.) 
Rather, Congress should only authorize V-22 production if there is a 
legitimate national defense need that justifies tilt rotor costs. The 


medium lift requirement of the Marine Corps seems to warrant the expense. 


d IMPLICATIONS OF A FAVORABLE V-22 PRODUCTION DECISION 

The thesis research indicates that the V-22 must clear several 
hurdles before it can significantly alter the composition of the Coast 
Guard's existing mix of aircraft. Unless Bell and Boeing change their 
Stance about requiring a Pentagon commitment before continuing V-22 
development, the first and foremost obstacle is a favorable production 
decision by the Department of Defense or Congress. While this decision is 
possible, it would be impossible to predict with certainty the outcome of 
the tilt rotor debate. However, Rear Admiral Milligan, the Chief Budget 
Officer for the Navy, hinted, during a lecture at the Naval Postgraduate 
School, that a favorable tilt rotor production decision was still feasible 
and that a Marine Corps tilt rotor squadron could be activated by 1997. 

Therefore, the immediate implications of a favorable V-22 
production decision on the Coast Guard are two fold. First, the Coast 
Guard would need to flight test the aircraft to validate performance in 
the service's aviation environment. Although technical aerodynamic issues 
were outside the scope of the thesis, the V-22's disc loading of 20 pounds 
per square foot (high by helicopter standards) generates a downwash that 
approaches 80 knots (Prouty, June 1990, p. 43). While a neutral area 
exists directly beneath the V-22, the Coast Guard must ensure that the 
tilt rotor's downwash permits operations near people in the water, small 


pleasure boats and commercial fishing vessels. 
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Provided the tilt rotor received a favorable operational 
evaluation, the next step would be for the Coast Guard to formally 
evaluate tilt rotor employment strategies to determine if marginal 
benefits exceed their marginal costs. Assuming that these evaluations 
showed that the V-22 was cost effective, the tilt rotor could alter the 
Coast Guard's current mix of aircraft. 

Although the V-22 is not an identical replacement for any of the 
Service's current aviation assets, it possesses characteristics that would 
allow it to function as a medium range recovery resource or medium range 
surveillance resource. Indeed, if the service can accept a slower dash 
Speed than that of the HU-25A, the V-22 could function in both capacities, 
eliminating the need for two aircraft. 

Alternatively, the V-22 could evolve into the Coast Guard's 
primary recovery resource replacing both the short range recovery and 
medium range recovery resources.^ While using the V-22 in the short 
range and recovery role initially seems excessive, the strategy 
potentially could reduce fixed costs through facility closures, 
commonality of equipment, reductions in manpower and lower training costs. 
However, the strategy eliminates the two helicopter system" and increases 
risks by lowering recovery system redundancy. Lastly, this employment 
scheme may not be politically viable or even in the best political 


interests of the service. 


4. PERFORMANCE AND COST COMPARISON SUMMARY 
Generally, the V-22 out performs the Coast Guard's conventional 
helicopters, the HH-65A and the HH-60J. The tilt rotor flies twice as 
fast as these helicopters while maintaining the recovery capability 


essential to Coast Guard flight operations. The V-22 also offers longer 


aA contingent of conventional helicopters would be required for 
deployment purposes. 


“The use of a short range recovery helicopter and a long range 
recovery helicopter. 
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range and greater cargo capacity than the helicopters now in service. As 
discussed in Chapter VI, these advantages offer potential dividends in 
search and rescue, law enforcement, environmental protection and national 
defense. But, the HH-65A consistently deploys aboard the service's flight 
deck equipped cutters and the HH-60J must be compatible with 270 and 378 
class cutters. The V-22 is too large and too heavy to deploy on Coast 
Guard ships. 

The HU-25A and the V-22 pose an interesting dilemma. The HU-25A 
is much faster and more efficient as a surveillance platform. On the 
other hand, the V-22 can make recoveries. If a slower speed is acceptable 
(410 knots verses 250 knots), the tilt rotor reduces the need for joint 
fixed wing and helicopter rescue responses. No longer would fixed wing 
assets fly long searches and vector helicopters to the scene to perform 
recoveries. The V-22 could perform both functions. 

The speed differential means tradeoffs in other areas as well. 
In law enforcement, the HH-25A has the speed to rapidly close targets. 
Although the V-22 may be fast enough, it will not make the intercept as 
quickly as the HU-25A. Nor will the V-22 map pollution spills or deliver 
an on scene observer as fast as the Falcon jet. 

But the V-22 is much more flexible than the HU-25A. In law 
enforcement endeavors, such as the Operations Bahamas, Turk and Caicos 
Island Task Force, HU-25As intercept and follow suspicious aircraft and 
helicopters transport the apprehension team to the landing site. Again, 
the V-22 could eliminate the need for two resources because the 
apprehension team could be carried aboard the tilt rotor. While the V-22 
has multiple logistics applications, the HU-25A is not a cargo aircraft at 
all. 

The research suggests that the V-22 is not a suitable replacement 
for the Coast Guard's long range surveillance resource. While a V-22 
carrying four internal fuel tanks is self deployable to most areas of the 


world, it does not match the overall surveillance, logistics or 
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transcontinental capabilities of the HC-130H. However, the V-22 could 
complement the HC-130H. For example, in a pollution response scenario HC- 
130H's could transport people, equipment and material to the nearest 
airfield. Tilt rotors could then deliver the goods to clean up sites. 
While the V-22 offers more than conventional helicopters, it also 
costs more. In fact, V-22 unit acquisition costs were significantly 
higher than any of the aircraft now in Coast Guard service (twice that of 
a HC-130H, currently the Coast Guard's most expensive aircraft). However, 
projected V-22 initial provisioning costs were similar to the those 
associated with the HH-60J. Although the Marine Corps uses a different 
maintenance strategy than the Coast Guard, the research suggests that the 
V-22 could be supported and flown under existing manpower constraints 
(more research is required to determine the specific technical specialties 
necessary to maintain the V-22). Unfortunately, the unavailability of 
V-22 operating and maintenance costs limited the cost comparison section 
of the thesis. While the composite airframe, in line replaceable units 
and 35 hour maintenance cycle associated with the V-22 could render 
savings over existing aircraft, a definitive answer was not forthcoming. 


Until more conclusive data is available, the matter is open for debate. 


5. AFFORDABILITY 

V-22 affordability depends on several issues: those inherent to 
the V-22 and those related to how the tilt rotor is employed. Whether the 
V-22 is considered a replacement for one aircraft, a combination of 
aircraft or acquired to fill gaps not covered by current air assets, the 
V-22 will only be affordable if the marginal benefits derived from the 
tilt rotor exceed the marginal costs. More succinctly, the tilt rotor 
must offer an incremental improvement in mission performance that 
justifies the cost of acquiring and operating the aircraft over its life 
cycle. Even if the V-22 is judged to be a more capable platform than a 
Current aviation asset or combination of assets, that factor alone does 


not necessarily merit tilt rotor acquisition. The V-22 could be more 
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capable and commensurately more costly. The result could be a poor public 
policy decision as federal outlays were diverted from other worthy Coast 
Guard programs to support the service's V-22 variant. 

While the cost comparison section of the thesis was inconclusive, 
there are reasons to be concerned about tilt rotor costs. For one, the 
V-22 Program Finance Officer indicated that a Coast Guard order of 30 to 
50 tilt rotors would not appreciably effect unit acquisition costs, as 
long as other markets outside the Department of Defense failed to opened 
up (Metts, telephone conversation, September 3, 1991). Therefore, 
depending on Coast Guard options for weapons systems, construction and 
initial spares, the service would be looking at unit costs approaching $34 
to. S45 million. Arguments about life cycle costs and tilt rotor's 
advantages aside, Coast Guard decision makers would probably find it 
extremely difficult to procure an aircraft that could cost twice the price 
of a HC-130H. Furthermore, 30 tilt rotors would cost between 51.0 апа 
$1.4 billion in 1990 dollars or just a little more than one third of the 
Coast Guard's entire 1990 operating budget (Coast Guard, 200 Years of 
Service, Overview 1989-1990, September 1989, p. 16). 

Concerns over operating and maintenance costs also remain. At 
a recent national tilt rotor symposium, commercial airline operators 
questioned whether or not the V-22 was cost competitive with existing 
turboprop aircraft (Personnel interview, Lieutenant Commander Snyder, June 
3, 1991). Finally, the Coast Guard is in a different position than the 
Marine Corp. Its aviation assets are relatively young and are not in need 
of immediate replacement. Therefore, sunk costs would make it difficult 
for the V-22 to be more economical than resources already in the field. 

Admittedly, there are also reasons to be optimistic about tilt 
rotor costs. While the HH-65A and HU-25A are flown exclusively by the 
Coast Guard, the V-22 would be compatible with Department of Defense 
needs. All the services could benefit from mutual support and the 


economic savings from larger spare parts orders. If the tilt rotor is 
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commercially successful, unit cost could fall to $16 million, making the 
aircraft much more attractive. In addition, some of the employment 
schemes presented in chapter seven suggest possible ways to reduce fixed 
costs. Fewer V-22's could potentially replace the larger number of 
aircraft in service today. The result could be a net savings. 

While these possibilities deserve serious attention, more 
accurate V-22 cost information is needed before these employment 
Strategies can be evaluated in detail. Even if the V-22 is affordable, 
political realities could prevent some of the more ambitious plans from 
being accepted by the Coast Guard, the Department of Transportation or the 
Congress. 

A favorable V-22 production decision is a key signal for Coast 
Guard managers. With it, the V-22 becomes an alternative resource and its 
potential Coast Guard applications should be formally evaluated.” 
Without a Department of Defense or Congressional production decision, the 
Bell and Boeing tilt rotor may never be built. 

An affordable tilt rotor could have major ramifications on the 
Coast Guard's mix of aircraft and its aviation resource employment 
strategies. Provided marginal benefits exceeded marginal costs, the two 
employment strategies listed below seemed the most likely ways for the V- 
22 to enter Coast Guard service. 

e Use the V-22 to fill gaps not covered by existing Coast Guard 
dircraft. 


e Use the V-22 to replace the HU-25A. 


While the gap filling strategy adds another aircraft type to the 
inventory, it increases recovery range for rescue operations, potentially 


reduces the need for joint response resources, provides a logistics 


“This study drew on information applicable to the Marine Corps and 
the Navy versions of the V-22. A formal analysis would involve working 
with Bell and Boeing to develop a tilt rotor derivative to meet the 
service's particular needs. 
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capability to move pollution clean up equipment to remote locations and 
introduces a law enforcement platform that could simultaneously carry an 
apprehension team and perform intercept missions. Similar to the way 
helicopters were slowly but steadily integrated into the service following 
World War II, the gap filling strategy offers the chance to introduce the 
tilt rotor to Coast Guard aviation. 

The first opportunity for the V-22 to replace an existing asset 
will probably occur when the HU-25A approaches the end of its useful 
service life, near the end of the century. Of course, the V-22's slower 
speed will have to be acceptable and V-22 costs will have to be 
attractive. 

The Coast Guard's current position on the V-22 appears sound. 
Decision makers in the Coast Guard Office of Aviation Programs believe 
that the tilt rotor's capabilities are attractive; but, the service is not 
in a position to acquire the V-22 unless the aircraft is first procured by 
a Department of Defense component. Even then, costs will have to be 
examined very closely and weighed against some unique benefits. In 
essence, the management challenge may be to create a realistic vision 
that takes advantage of the tilt rotor's uncommon capabilities while 


simultaneously remaining within legitimate budget constraints. 


B. AREAS FOR FURTHER RESEARCH 
Provided the V-22 enters production, several areas must be addressed 


before the tilt rotor can enter Coast Guard service. These areas include: 


èe Formulating a mission need statement. 


e Establishing the hardware requirements for a Coast Guard version of 
the Osprey. 


e Developing a basing strategy for the tilt rotor. 
e Conducting a formal cost benefit analysis. 
Besides the tilt rotor, the thesis suggested two other aviation 


related issues which also need to be examined: 
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e Historical cost information is not accessible to decision makers in 
aviation management offices. 


e The Coast Guard's budget allocation process does not ensure that 
aviation program funds reach the service's air stations. Therefore, 
it is difficult to validate aviation costs against the program 
budget. 

Historical costs associated with the service's various types of 
aircraft are dispersed across several offices at Headquarters (Aviation 
Program Office, the Aeronautical Engineering Office, the Office of 
Acquisition and the Chief of Staffs Office) and the Aviation Repair and 
Supply Center in Elizabeth City, North Carolina. The documents containing 
this data are archived and retrieval efforts would have exceeded the scope 
of this thesis. A good management information system is needed to link 
these offices so that decision makers have ready access to historical cost 
data. For example, to determine HH-65A original spares levels, subsequent 
alterations in stocking levels and the cost of  HH-65A airframe 
modifications (since acquisition), it would be necessary to review 
Original contracts warehoused in North Carolina. While the information is 
available, it is not very accessible. Although not every document should 
be saved, a data base needs to be established to provide historical 
aviation cost information in a timely manner. This information would also 
be readily available for cost analysis improvement efforts. 

Secondly, the Coast Guard aviation budget is filtered through 10 
district offices before it reaches the service's 27 air stations. While 
this study used data derived from the aviation program budget to 
approximate costs, there is no guarantee that program rates are actually 
allocated to each air station. Therefore, any effort to compare budgeted 
aviation dollars with actual expenditures is somewhat diluted because 
district offices have the option of shifting aviation funds to other 
areas. While district commanders want budget flexibility, the budget 
allocation process makes it difficult to assess the potential impact that 


major aviation resource changes could have on overall aviation costs. 
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Therefore, the budget allocation process needs to be reviewed with an eye 
toward planning for actual aviation expenditures. The objectives would be 
to develop a more accurate budget process that provides a clearer picturer 


of Coast Guard aviation's fixed and variable costs." 


^In the long run, all costs are variable costs. 
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APPENDIX A 


AIRCRAFT DIAGRAMS 


The HH-65A Short Range and Recover Helicopter 








39'.2" DIA 









129 
12-5“ 





fe 
a c 
е ї a қ ' Г 
ж um grs 2 
5 2. тү erie r 
* CROUNO LINE ғ“ 
6 INCHES MINIMUM STATIC 
38-2" CROUND CLEARANCE 


447.67 (STATIC) 
47-107 ІПОТАТІМО! 


AINCARAFT DIMENSIONS 

ПӘТӨОНШТЕМЕТЕН 255. екн 5 ...%.....29 fest * 2 inches 

OVERALL LENGTH ISTATICI 44 feet - Б Inches 

HEIGHT TO TOP OF ROTOR HEAD. .........c00e 689542259222 аз 12 foot. 9 inches 

HEIGHT TO TOP OF FIN E e sessescsssssessecesess ld i001 * 5 inches 

MAIN LANDING GEAR TRACK ........... бе%фбе%522%2622-6661% 696 6 foot * 3 inches 

WHEEL BASE................ 95222225» V ore cS ETE 599922225222. eosseee 1 Y foot » 10 inches 

MINIMUM GAOUND CLEARANCE WITH CYCLIC 

DISPLACED TO LIMIT LIGHT IRLUMINATION [100% NA}... Tiset 7,2 inches 

MINIMUM STATIC GROUND CLEANANCE {OLADE АТ 

42 0'CUOCIA AN 225255 оаа ево етс .. B foot- 2 inchee 

ОЯОУЫО СОҒАНАМСЕЦМОЕПҒОСБЕКАОЕ).................... 6 Inchee 

TAIL ROTOR DIAMETER ............ КСЫ е оса н а SHDORPDORE es GG foot + 6 Inchee 

CYCLIC PULL FOWARD, ОҮМАМІС...............»....»...%%2%».ұ.... б 10601. 2 Ілсһеф 
AIRCRAFT WITH BLADES FOLDED 

LENGTH....... БЕС. E жеке кажан ee, 38 101. 2 inches 

WIDTH IAT STABILIZER) ..ccccccccccccvcccccccccnscccccccecscoes «o TO foo: * 6 inches 


AIRCRAFT OISASSEMBLED FOR SHIPMENT 
WONG YH cccccccacscnccccccescsevscdsscssosocncvcssscussscecetestosescoctessard | (00% s B-inches 
WIDTH (STABILIZER REMOVED......c.cccccccrerccscccccccccccccece 8 font > B inches 
HEIGHT IROTOR HEAD AND LANDING GEAR 
REMOVED......... Тел к Қы. OESIE Testa scs, 0 1001 · 4 Inchee 





93 


Тһе НН-607 Medium Range and Recovery Helicopter 
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The HU-25A Medium Range and Surveillance Aircraft 
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The V-22 Tilt Rotor Aircraft (diagrams extracted from V-22 Program Office 
and Bell-Boeing tilt rotor publications) 


Aircraft Characteristics 
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EXCERPT FROM THE V-22 JOINT SERVICES ADVANCED VERTICAL LIFT AIRCRAFT 
SELECTED ACQUISITION REPORT DATED DECEMBER 31, 
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APPENDIX C 


RESCUE CASE INFORMATION BY DISTANCE OFFSHORE, FY86-FY90 
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APPENDIX D 


FY89 AVIATION RESOURCE SEARCH AND RESCUE STATISTICS 


Aircraft Type 
HC-130H 
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НН-52А Һаѕ been retired in favor of the HH-65A. 
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?The Coast Guard's HH-3F helicopters are being replaced with 
HH-60J helicopters. 
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APPENDIX E 


ESTIMATED WEIGHT INFORMATION FOR A V-22 CONFIGURED FOR 
SEARCH AND RESCUE (provided by the Bell-Boeing Joint Program Office) 


EST PILOT PRODUCTION WEIGHTS (1bs) (1bs) 
уто STO 

MGTOW (SL/90 F, 20 kts W.O.D.)1! (Note 1) 55,876 60,400 
HV-22 WEIGHT EMPTY 34,023 34,023 
REMOVE 16 TROOP SEATS -177 -177 
REMOVE CARGO ROLLER RAILS -81 -81 
CREW (5) 1,100 15100 
CREW EQUIP 150 150 
DATA TRANSFER CARTRIDGE 3 3 
REFUELER PROBE KIT 63 63 
ANTI-EXPOSURE SUITS 90 90 
LIFE RAFTS 200 200 
SAR KIT: 447 447 

MEDIVAC KIT 94 

FOREST PENETRATOR 25 

MISC EQUIP 130 

OXYGEN RESUSCITATION 50 

PARARESCUE KIT 25 

PYROTECHNIC BOX 60 

SCUBA TANK 50 

STOKES LITTER 13 

TOTAL 447 
OPERATING WEIGHT: 35,818 35,818 
NORMAL NAVY CONFIG FUEL LOAD (MAX INTERNAL): 13,700 13,700 
NORMAL SAR MISSION WEIGHT: 49,518 49,518 
EXCESS CAPACITY: 6,358 10,882 

CABIN AUX FUEL TANKS: 602 GAL CAPACITY EA. (USEABLE) 


4093 LBS. FUEL CAPACITY EA. (USEABLE) 


CABIN AUX TANK WT EMPTY: 415 LBS. EA. 


MAX CABIN CAPACITY: 4 TANKS 
Note 1: No wind MGTOW VTO pun 15: 515773 
- NORMAL SAR MISSION WT: (49,518) 
No wind VTO Excess Capacity: 2,259 
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ROUND TRIP FLIGHT 
TIME (HOURS) 


APPENDIX F 


GRAPHIC MEASURES OF V-22 VERSATILITY 
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APPENDIX С 


AVIATION PROGRAM RATES 


AIRCRAFT 
PROGRAM MEASURE HH-65A HH-60J HU-25A HC-130H 
Rate (flight hrs/yr) 645 700 800 800 
Fuel Consumption (gal/hr) 94 154 310 870 
Fuel Expense (S$/hr)! 94.00 154.00 310.00 870.00 
Unit Level 
Maintenance ($/flight hr) 93.19 211.00 74.99 11598 
Depot Level 
Maintenance (S/flight hr) 1,039.35 954.00 1229515 994.25 
Measured Work Billets' 2+0+10 3%0%17 РЕЛІ 3409-22 


lBased on a federal contract price of $1.00 per gallon. 


Тһе first value is for pilots, the second for warrant officers and the 
third for enlisted maintenance personnel. 
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APPENDIX H 


MAP OF COAST GUARD AIR STATIONS 


KODIAK 
6 HC—130H 
4 HH—S3F 
HH=65A}A 








SITKA 
3 HH- 3F 


p 
PORT ANGELES 
$3 mn—654A М DETROIT 
NORTH BEND Su cu^ CAPE COD 
5 HH—65A • 5 но-2- oF 22 e 
pou E BAY TRAVERSE CITY — CEDE SE 
= 3 CH— 
2 РЕ " Z BROOKLYN 
E SACRAMENTO Е re зве 
FRANCISCO HH—665A 
à HH—3F Ф 4 HC-130H í ө САРЕ МАҮ 
1 VC—11A 
SAN DIEGO 1 VC—4A ELIZABETH CITY 
LOS ANGELES 4 HH—65A MOBILE ОЗИНЕ mE 
S HH=65A з нио—25 3 HH—3F 5 HC—130H 
NEW ORLEANS В нн--65А 
£& Hr—65A В н()--25 SAVANNAH 
5 нін--60.) 6 нн--65А е» 
BARBERS POINT HOUSTON 
3 HC—130H ЕЕЕ 
© 3 кін--65А 
x BORINQUEN 
т 4 HH—65A 
© CORPUS CARISTI a CLEARWATER 3 HC—1 30H 
5 кн-б6б5А 12 HH—3F 
3 HU—25 6 HC—130H * МАМІ 
11 Hu-25 
9 HH—65A 
e INCLUDES 2 ACFT TO SUPPORT AIRFAC NEWPORT 2 RG—8&A " 


ee INCLUDES 2 ACFT TO SUPPORT AIRFAC CHARLESTON 


U.S. COAST GUARD 
AIR STATIONS 


1 CASA 212 





105 


LIST OF REFERENCES 


Bell and Boeing Aircraft Companies, "The Bell-Boeing V-22 Osprey Tilt- 
Rotor Aircraft Program," paper presented at Rotor & Wing International's 
Civil Tiltrotor Symposium, June 6, 19907 


Bell and Boeing Aircraft Companies, Placing V-22 Costs in Perspective, 
Executive Summary, July 19, 1990. 


Bell and Boeing Aircraft Companies, The Case for the V-22 Osprey Program, 
July 3099990. 


Bell and Boeing Aircraft Companies, V-22 Military Studies and Analysis, 
Executive Summary, September 1990. 


Bell Helicopter Textron Inc., A Tiltrotor Solution, by Warren A. Samouce, 
May 1990. 


Briganti, Giovanni de, "Europe's Tilt-Rotor: The Gauntlet Is Taken Ор," 
Rotor & Wing's Tiltrotor Aviation, V. 1, May 1989; 


"Civil Tiltrotor Studies," Rotor & Wing International, V. 24, ишен OR 
"Civil Tiltrotor Study,” Vertiflighħht, V- 30, May, June Uso. 


Coast Guard Office of Aviation Plans and Programs, Medium Range 
Surveillance Aircraft Characteristics Board Report, May 24, 1974. 


Coast Guard Office of Aviation Plans and Programs, Acquisition Paper for 
a Short Range and Recovery System, April 26, 1977. 


Coast Guard Office of Aviation Plans and Programs, Coast Guard Recovery 
Aircraft, A Two Helicopter System, February 25, 1986. 


Coast Guard Office of Aviation Plans and Programs, Medium Range and 
Recovery Acquisition Paper Update, January 18, 1990. 


"Coast Guard, 200 Years of Service, Overview 1989-1990," Commandant’s 
Bulletin, Issue 9-89. 


Congress, House Armed Services Committee, Hearings on National Defense 
Authorization Act for FY90: H.R. 2461, Government Printing Office, 
Washington, D.C., 1990. 


Department of Transportation, United States Coast Guard Public Affairs 
Division, Air Search and Rescue: 63 Years of Aerial Lifesaving, Government 
PrintingwgOffice, Washington, DeC oe TEES 


Department of Transportation, United States Coast Guard Navigation Safety 
and Waterway Services Division, 1989 SAR Statistics, Commandant 
Publication P16107.6, Washington, D.C.;  Novembero20 19907 


Donovan, Elizabeth and Steigman, David, "Gray: V-22 Substitute Scheme 
Ridiculous," Navy Times, March 5, 1990. 


Flanigan, Robert M., "The V-22 Is Slipping Away," Proceedings, V. 116, 
Auguste P290. 


106 


Gates, William, "Federally Supported Commercial Technology Development: 
Solar Thermal Technologies 1970-1982," Research Policy, March 1988. 


Goward, Dana A., Lieutenant Commander, U.S. Coast Guard, "Coast Guard 
and Tiltrotor: A Perfect Match," Proceedings, V. 116, June 1990. 


Harvey, David, "Going Downtown: Assessing the Civil Tilt-Rotor's 
Shances, Rotor & Wing's Iiltrotor Aviation, V. 1, May 1989. 


Harvey, David, "Rep. Curt Weldon: Cultivating Congressional V-22 
Support, = Motor & Wing International, V. 24, June 1990. 


Harvey, David, "The V-22 Crash: Not A Killing Blow," Rotor & Wing 
International, V. 25, August 199]. 


Interview between Ms. Sue Holden, SAR Statistician, Coast Guard Office 
of Navigation Safety and Waterway Services, Coast Guard Headquarters, 
Washington, D.C., and the author on September 6, 1991. 


Interview between Lieutenant Commander Chris Snyder, HH-3F Systems 
Manager and Civil Tiltrotor Symposium Attendee, Coast Guard Aeronautical 
Engineering Division, Coast Guard Headquarters, Washington, D.C., and 
the author on September 3, 1991. 


Kocks, Kathleen, "The Ishida/DMAV TW-68 Tiltwing," Rotor & Wing 
International, V. 24, June 1990. 


Leverton, John W., "Advanced Technology Rotorcraft - Civil Short Haul 
Transport of the Future," Vertiflight, V. 36, January/February 1990. 


Mansfield, Edwin, Microeconomics Theory/Applications, W.W. Norton & 
Company, 1988. 


Prout er.  W., "Erom XV-l to JVX - A Chronicle of the Coveted 
Convertiplane," Rotor & Wing International, V. 18, February 1984. 


Prouty, R. W., "What's Best To Tilt: The Rotor or the Wing," Rotor & 
Wing International, V. 24, June 1990. 


Rhodes, Steven E., The Economist's View of the World, Cambridge 
University Press, 1985. 


Schemmer, Benjamin F., "From the Boardroom: Beverly F. Dolan," Armed 
Forces Journal International, V. 128, August 1990. 


Telephone Conversation between Lieutenant Colonel Gary Gisolo, Medium 
Lift Helicopter Requirements Officer, Headquarters Marine Corps, and the 
author, October, 25, 1991. 


Telephone Conversation, between Lieutenant Commander Art Halvorson, 
Deputy Chief of Procurement, Aviation Repair and Supply Center, 
Elizabeth City, NC; and the author, October 17, 1991. 


Telephone Conversation between Ms. Catherine Kiley, Assistant Branch 
Head Aviation Manpower and Support, Headquarters Marine Corps, and the 
author, October 23, 1991. 


Telephone Conversation between Mr. James Magee, Program Manager, V-22 


Variants, Bell-Boeing Joint Program Office, and the author, October 25, 
1991. 


107 


Telephone Conversation between Lieutenant Commander Mike Metts, V-22 
Program Finance Officer, Naval Air Systems Command, and the author, 
September 3, 1991. 


Telephone Conversation between Lieutenant Steve Palmquist, Aeronautical 
Engineering Division, Coast Guard Headquarters, and the author, November 
4, 1991. 


Telephone Conversation between Lieutenant Commander Bill Peterson, Office 
Of Aviation Plans and Programs, Coast Guard Headquarters, and the author, 
November 1, 1991. 


Telephone Conversation between Lieutenant Commander Mike Saylor, Office of 
Aviation Plans and Programs, Coast Guard Headquarters, and the author, 
September 17, 1990. 


Telephone Conversation between Major Vick Thombs, V-22 Assistant Program 
Manager, Naval Air Systems Command, and the author, October 24, 1991. 


Telephone Conversation between Major Vick Thombs, V-22 Assistant Program 
Manager, Naval Air Systems Command, and the author, October 25, 1991. 


"The V-22 Tilt-rotor Aircraft," Aviation Week & Space Technology, V. 132, 
January 15, 1990. 


Thornborough, Anthony, V-22 Osprey, Linewrights Ltd., Essex, England, 
1990. 


"V-22 Program Can Be Accommodated, Cheney Tells Congressional Backers," 
Inside the Navy, V. 34, August 26, 1991. 


108 


10. 


Il; 


2; 


INITIAL DISTRIBUTION LIST 


Defense Technical Information Center 
Cameron Station 
Alexandria, VA 22304-6145 


Library, Code 0142 
Naval Postgraduate School 
Monterey, CA 93943-5002 


Department Chairman, Code AS/Wp 
Naval Postgraduate School 
Monterey, CA 93943-5002 


Professor William Gates, Code AS/ 
Naval Postgraduate School 
Monterey, CA 93943-5002 


Professor James E. Suchan, Code AS/Sa 
Naval Postgraduate School 
Monterey, CA 93943-5002 


Commandant (G-OAV) 
U.S. Coast Guard 
Washington, D.C. 20593-0001 


Commandant (G-EAE) 
U.S. Coast Guard 
Washington, D.C. 20593-0001 


Commandant (G-AMR) 
U.S. Coast Guard 
Washington, D.C. 20593-0001 


CDR Mike Holmes 

Commandant (G-OAV-1) 

U.S. Coast Guard 
Wsshrngton, D.C. 20593-0001 


LCDR Jay Mahaffey 
Commandant (G-OAV-1) 

U.S. Coast Guard 
Washington, D.C. 20593-0001 


Defense Logistic Studies Information Exchange 
U.S. Army Logistics Management Center 
Fort Lee, VA 23801 


Major Vick Thombs 

V-22 Assistant Program Manager 
Naval Air Systems Command 
Washington, D.C. 20361 


109 


035 


14. 


Major Mark Mahaffey 

Headquarters marine Corps 

Aviation Plans and Weapons (APW-52) 
Washington, D.C. 20380-0001 


Mr. James A. Magee 

Program Manager, V-22 Variants 
Bell-Boeing Joint Program Office 
Crystal Gateway One, Suite 401 
1235 Jefferson Davis Highway 
Arlington, VA 22202 


110 








DUDLEY KNOY URRAS, 
NAVAL POSTO ADLATE S HOOL 
MONTEREY Cé “2243-6421 
























а ғ) ш 
EE aes i, ки ү p 5 wg Т ~ - 
f P П fa ЖҮ rp 
ree ee ПИ ИГ І 
Й УСЫ 


КЕТТЫ a ҮЕ] " П Í ! 
Ж | S АОНУН ¢ қ i 
і DLEY KNOX LIBRA он n eH One 








Pree Ж a 
УН Dk eli W T Hirt Нн y ү, P , | 
Ld | 114 | | АХ) М Ы „' ШЕЛ "n Г) Р 5 " 
я 42, Н d д | |l | | ШТІ | { at x UR AS SURE UT АСЫ Р 
EAI р Io | | | ЖАКЕН» К "o 
an um] brane n Й | „а DA te ч Tu us 
xh n ^ Are yh КЕТІРУ; ЖЕРД | m4 {за м. ; 
РАА РЕР ДУГ ККЕ РН. ) ў | | n M | 
\ ^ р " OUR. | vou 
RD Дн НЕНИЯ IUE TUA UAM NM ; 
б ря De rupis 4 br | i à ИК А rm 3 1 И Hr >. 
"Un y 
4 a 1 2 68 0030 95 5 wr dL RS "a x 
8% и ү E 4 / / р" E pe Г 
ОГ Е 4 H t [ЖҮЛ ? UCM M á 2 ГЫЛ 
ER ДИЛЕ ЕТ a МОМ V | na TE "ы... DOE 
ii М dés Mn X x L ` н L a RET р am PSP 
АРТА ЫҢ ГҮЛ К be Wa 13654 A и қ қ r re KT ELM а 
ы ПИ; м И р D WAT s ILU Қ; IA 2 А x р »i 
қ A LE А р n ә PE хе i 
= Ц 4 ТЕЛ 


























































































































































































ПЛ Ya М) ЖҮЗЕ, 
ат bh Page fa tee Be Pi ГЫ тарту ГАЧ i^ d 
Ари i EY LE H йт > 1 "ot 
VITA I Д д ЭТТЕ t " 
» г 1 § д9 0.0 1,1 Ж 1 A ЧЕ qne д 
РА us [ Р а Is plo eap d doe АТ 
" TA t S RE М жекен ы yele E SA rs et 444 4-4. Fur uic ТО; 
ipn ONE EO EN dI че P uum ЫЫ ИТА РА cos 
PEINE PEE ph Mo em) КАЛИНИН ЛИН ay 2 Т IDEM ТИЛИ ТҮ И ШШК Аы ИО ЕР ТИТИ АЛ ET. 
LP б МИДА! NS ЕН АЛАД ИИТИИ, ПИГ СПЕСТИ УНИ САРЫ = 
ы HT A MU m AL ne tia, dh " Й PURO А ГЕТ! rs 
1 i Lj ? LL .. П 
ШЕ . Be AL. TO NIRA AU y E E T 
"i ue eur t, wo pth eae es "D ЕНИ 
i ШЕ г ТЕЛІП ЛИНИН UN ed xo a. Ч "i П Балы M t т Мы Z^ oe 2и Ж 
Я men дг n THU АП | НРЦ К АС ЛЕЛЕ Т os { 
ын И ИСА Vi К и Д һы? ш H ТНВ TU { m Ar RIDERE T "TP A а. DUE 
2743 НТ ТИИ i 4 ААИ T ЕТІЛЕДІ М ДИ ngra D p? аз, АО МКИН y EO AD up 
Fe Rees HB ne ne IB ED ATOMS Ч ТЭНИН ah TOU aa a EE ea ОС ЕАС, P P cer Ж 
TRE: DTE C yy BC 7 ш " n m Њи nm MU A ME net ЧИДА НОА an НИ АЛИКО ЕЕ? ПЕТИТЕ "T" “he dan koe 
м > И Ад КҮ Sirs n fts DTP PD БАНТУ УУГУ ИТТЕ ЕУЛИЕ ТЕКТИН ЖАЛАЛА MTIPE ur T А ККДК A R КА 
ахд ААА rit ee ` өер? КӘ ҮҮ E КУКЛА ЛИКА ККК АА EL Й “ EXT П 
ЖЕТЕРІ Uri ELE EET E ЫТТЫ OM Rie ey See eo ИИ ИСС fp the 4! TNI ..41 s " » 
„ы 2 ey s m % t "TE г UR ША КД ЕШ ын ЖЗ ГАЛ ЖЕК ШК E E бүл Pn А 
P М 1 EMT П pe bisa’ “ o far АП ATY ПЖ m eof np topes ott wa gs «р $93 ? 
эл ag г ran ш $ m 3 lb "V t KAN ИТА ОКК ИЕК ЖАКИ е, аиы PLUM awe of Н e i sa t т T 5 4278 
И ТЕ Н HL TEN UR : ape geet d n 19» D 205 КЕН yo or sane 
з! Ы 0.4, 1 ар рр ist Pe Te A A 
ipi e PE Г Eu du puro : E ed Utt ИПИ, ү 
es bs Aade б АЛГ ТҮТИ ЖИ deat КҮ? 
RADI iat Же ММА Ау T Rr К ЧЫ PE hee ЖО ee f ы 1 14 mE Ld eno ЛЕЕ БАНА До а COLI ЖЕ Г саа 
ГЫ РЇ? NND АТАНДЫ М 2 ($ [ | Ц НТИ К 275.” $3 01 i M en 
PE qm y үйэ ләр" AUC Қ MED 1 EL ЖЕП ЫШ : 14% тем! унй м 4), Ар Op 
ЧТК Thee rer КЫК d DE E z "TH TENE mama NN DNE ЫЫ 
ДЕКАДА: АТ RT е | B DM М ; "PT MUCH RO DTE eril alat n уз | . Para 
CU E Pathol as р қ-ғ " CEPIT t INTE КМ Га T 
pru Кы А Н ALENTO EARTE A iet 2 s} : ; d ИУ РНЫ Т S СЫР АДЫ . USD ELE 
Е g DP PLA EH M Ves n s t va КЕТІ e RET T: dmm Т АНЫ ҰНҒА, Чу Lr қ 2 i pals 9 ы ЭБ," 
ИТЛ ИКАН m EUG E ГАЛАРЫ ids uan n z к we p b MINE Е ННН ТОЧНИОТ HP. "ue 
ПОЕТ 4 S'IL ки Hit ^ { Гг? f СИТИ ТИЮ E "a «ааб АТЫНДЫҒЫ spire: 
кР f » ч А s Н РТТ te he Т ТИИ ОЕ " 
ы ЕТ) ИЕТІН! ‚А э жут, T DELE He Lo EAD пе TTA eA 
y A EE ТТАР ) E PT G HL TL DIXIE LEA TED «Ге воне от". 
ITEM PONI S PHI ПОЯ У И S, ИСТИ ИЫ PE NSISE C L) И - 
ЖЕЛІГЕ ҒҒ ТҰТАР Be Rae 0 Он «ұғ е» ННІ LELAI EE I НТИ ИСОИ ИЯ РЫ 4 
AM D ¿ Н P sj Hier илы HR SIG "E ОЦ НЕТА na 
H ТА! КҮ] AE BETE С | i L^ M ГЕ Г 
ЗНА ДИНЕН A И КУ СІ PER rr APO U ULIS 
L| 
. 


` 
TERT A TETE A ETE 
424» "IT ! SACS EG "uM TED" l 
eres tut REP КЕТТИИ 

4 ИДЫ ТНА 





А И 
ЕЛГАДА 






LA D ELEM ey 












































ТМ el tet ets d itm рату Wires Lily itr tk wea) 
mie ТАН PE nme ЕТІЛ ! rea s EMT + 
д puit MP р i НА ne 5 
ИТ ы... ТЕ 
n LE RAM ИРЕ КИНИ Г РИИ А 
БЕНИ tr ut ПОТУ ОНЦ МҮ 5 E r 
X 7 ікгүттегі ЖАК тЫ ТІГІ 4 Я 
ЖКН Б ПИ; ПИТ ПТС) . 
m Ы ПАЧЕ ИЫ А TIL 
6 fr pesers oes aap MLM Д ЧЕ ИГҮ en : Е t 
! ЕТТИН НН о ЧЕГ П ч , "MR 
were ЫШ, 1, 4. 1 „з 
[4 







Р ЫТИТ 
ұлы КАЎ РЧ 











eis ТИЕ ИСЗ ИЛТ ЫЎ TER 





Н 
si tee? 5а рау ЫА ДЕ ДЫЛЫ TEN m 
d 



















LER n ETE д т Y Y 
M Ei BTE X Mates, HEP PM v. [E : Ч - ЭПР i: 
xn оға? e] е [2 É Я Е ЖТ ALIM a t E р Ик "Bog Ya ИИИ ТТ 
ү . Й NV MD СИГУ КЛЕН, Tod ETEA D d Ell 
Ih Tous PRENDI E | DIET , rla " 
к "i HRT сш PUT. a oe et Н Mid, Cia) eile bd | 






jie Pn 


z 
МЕ ЕРТ ТЫШ БИТ, 
Р P Inr 


TIME ТАПСА? EL 


LET Nus PILAM EI :? АТИлы Т 


М 
TENTI 
Hie “get 


$ 





' 
Е NOS 15% 



















ЭЕ ЕИ ЗГЕ 









, A 
Ht ms af, Utero tee ts 


ЗЕРДЕ E $ 
T 4 И 
Pee Fe H | Н ғу Ма Ж 4 TE т ir ALE Shed ИИИ АКК. ; 
НЛ р EH m 7 ТЕ ped i A Pe JUNI. КЕТЕРЕ >.. Pr. 
THES wu £s Js PER E br n at IN " M i" "TELLE [IE 
P mS үк ун ПИШКЕККЕ ЛИШИ УЛТАН НТ has 
rm 





























































































ЫР СОЦ ї» ТЕСТІ; 
e КАКТЫ Р IM TE 
ae М HI б 
4 Н t. — 005 
ОСТ: Н 
ПЕГЕ eT ИТЕ ЦЗ) ГІЗ А Рр os КЕ; 
АРТИ 7° te ' ae ВИТ ғы ИТТЕ УРИАГ 
; ҰЯЛЫ ШАТ be ы 4” уа ГИГА tain А Г: 27 О 
"mn LAE TOR TERELI LASET EP mL TT FIT I ТИ ИГИТ ИЛ > А 
Perret ДАТА P .....4. “ t "MEET oe 2 ” . 
Р ЕАД I To RA DIEM "T NE] ОТИ ИТУ ИТИК О. uo td "n T] Р "e TOR р: ^ 
ME A БИП [] ” Pi ELETE) Ayp yea r Й C DORT LEG Р 
Ф Р k iw 81 әтір Уы LE UD “ 44. ТЕКТІ ТИСЕ СГ . Ж. б 
FEEDS IE Р d ? et TID Er gu Sd Pres ay r a AE T O E ЫЕ m 
^x М м ы ОП Кы LU AU "э T ПОЗ woke dw DUE 
ы [4 ay he A “. 7 жмыс ap Pee gts te a, 0 tq Ps ts [EM HE TE 
4. "ҚЫ ГЫЛ ИЧ ТМ "E P „АШ РЕ ar fa ge ET E Foe " . А г 
D 1 HALLE, [4] at ЖУЫ vr РГ Й ЕТ, А 
r ЫКЫ nn "ET КАДЫ КЕТТ АИЛ ЛИК REL LI ЭЖ, P 5 к Рег 
ЛИЛ: Ту ККАЛ КЛИ К ЛАЛА ЛҮК К а, % О E " E Е ` 
D ID HERES IO T ш н А Pre OL 8 Oe eS ЛЕ Гу "m E 
17254” m Pea) eee М ла" "T2: LIO, АЛЕТ атг A 4 
EPOD DRE ANE Hn ОТУ : [| РТИ ТАНИ. 
ЗУ МЫ ГАГЫ 4 ar ЖАЛКА Т ИЛЫ 4%; ШЖ ЕШ Dr PL T 
ае 23 mM jn КИ ЛАН ЕЕ я ТЕСУ 
D ib "t Mr rM MERIT TES FUN 
re OSE Ty Oe ee Oe he 
РЕТИ! i TAA S A cad gy PD T 
Й "P oat Che ДШ. In ЭШИКЕ 
ОНЕ АШ ИРД АСИ | 
НИ ЖАА АА ПИ У ЕЛЫ М 
ONE WE N а" Mrd der %? n ra "ELEM 
$ эу... M LUE АУ) 


















































































E Taj 
H Ы D м2 ру ре» EC 
. ЕН aM me oe ИГ n ie b 
А ГІР rh» "UTE АН ert қ 
A ^ КИШКЕНЕ А 
ae 3% «48 BF EA LETT "TD nn 
F HT PR ТТТ ЕЕ 1 
m "vue d |! t ELTEL ЫК ТЕГ 
“ М è АТАТ ee 
ы ИША 
‚„ pista 
БА ПИТ, 
„ УНЕ 
СУЯ И 
44.” - 7112727 
Мы қ ТЫ A E Н n NM ELE Bare H 4 р 
ПА DIDI TD КУ T ТЕЛЛЕ ДКК ЕТИ 
ETC + МУГУ: т А; АЛАТ % nel УНЕ? ИТИ api h w 
ұға c ЖКН hee ea EA SEI "Г ЕГ 
FEN К ЭТУУ) МАҒА Аа ANC wel ҒА БІТЕП {г 
RESET 1 aor oo utet dto a FS MAP erc H 
M TES "T МТЗ ЕГЕ? 540447 Ды ЕНТЕН!” РНЕ 
T7 H3 EM F 
- E 
A sta 
LIE HY] А 
` % } 
f t ZU rf 
У Ы НЧ mer ЛИЯ: 
- КИЕК ШИЕ p 


ЖЛ АЕН ыы 
segi g taap thay 
Li (60 94 NUT 
М L] ГР ү 
DOE TUE 
ПАА ИЦ М 
; 







eh 













К 
* d Fri TOC. 


ы; m 
NIS d HARTE 
- ы ИТАН 









, fe, gre 4% 
ИЛГЕРКИ 
„ш e ШЕ Е.П 1 

pie mr 


EE 

$8 
EAM LAE a D BE" IE 
3 Ha T: (s PE д 
Г ЫЫЫ 












А ЖҮ? “peadedons 6 pt g Em 
"a? ote g ” М 
ғ. "EC 5 
[] > 4:, 24 LI е, 4 ^ 
a" en 
ИТ ae МЕТ íi dS ste EN. 
Oe Cre eh 56 TETI ' 
НОТУУ A NLIS a) 5 Е! 
ГЫС 1] B "id . io) 
v. 4 4 AU TESTI TERR T] 





y» 
Тат тә 


SAS 


1 




































































































































































os ts lg NIC (3 
66 з \ X 24. P ҒЫ. 2 
MARNE XM КЕ T г > HS : - ; 
ns d 2 k E > А 
"m MI ИЧЕ v vn Р 
Н Н АУЗТАН aster қ 
G Н ! з "EVITE “ғ "E i" E Р 
ПОТЕ НАНЫ TAL eed eed E М КИТЕЛ ИГЕ ^ 
“КОЧУУ 4%: "TET pr ЛЫ, jb soy rr tsm ` 
^A AA a EC i М СУКУТ КТ Cary ae T А 
d 4 АТИЯ: ИАПО ОПЕЕ 
ШЫ 1 ЖАПА ЛЫҒЫ к : РЫ ТТИ ТЯ Н ie HE H at 
ae у К ; б КТЫ ) Ses bre Ung ate КЫ аи ан e 
е И art раъи КН 13% DOMUM ag hy з ?, PETE DOIE КАШ ТП m 
ы СЕДАН й КОРКТУУ .. T. PER d 3 n #5 du ИГ О О nn ТИИ а 
ЕКА ОТЫНЫ) ҮН 754. T р ӘЛ OPS iat ere or ee es ee ee 
е $ IAOEE A EARE APA A OA NEH, ux 
or i LL д ТҮСІ ч 
H : 3 HIE div, ыы лы Кан АН Esato gate ШЫЛЫ аа МЫ D 
ИТАЛ АЛА Аа; жиымы E QU alle . ы 
ғ. n "mr OECD PT Ыы | В " s» ’ 
iu dU i^ "E ПНЕ ЖТА ed Р Аы АГС. n з e "n MEC ч 3 
m is dw LM A "T М ТИИТ ЛИЕ ИП ar fat Е a | 
* pint Жн ” ЕН a u J 1 В T › Те ШУ ҮҮТ р б E А 4 
А. 4 1и өз, ўе. А 
i" dA o 4 np : DET gt wb» d ani ш Perens т КО ы 
th AAS oa ӨТКІРЛІГІ THER "HEURE „> 1 i ED P ДЕШ, Pn И И : 
tev bse 17 454 nar DTI M A АГ C 
тү, TY ч vs K 3 ҮК ЧЫНЫН М yt Bm t SM ЖІ. “re wm k Jm |! Н 
m HN! up Ys eS ш Мылы ^t Hn ^h ш LT L pie >» 
б ae D . ut в 
ОТЫН" СА P 
[21] ` LLLI 
E 











2 
Е) ur u^ 225. pm n 
Statim fonat 4 т 



























































Cm C 
ЖМА SOAM, » 
Ан ГАГЫ \ t i ДИ PEE à 4 H E 
ЫА oa We ғы E КААЛА BE ba bd .. Й "TM СТТ е 5 " É 
° КС р ГА h tA 4 Ed ТОРҒЫН } 87 i Н "XXII rum n LIBER TC; P 
LC e jt DEA [ACC 14 HIN! { E Е 54 ҒЫ HE "n P КОСАДЫ САЛСЫН ҒҰР) P n " 
E ёі" A Ы Ы ) ^ А a Н (ЖАЯ 1 LI Н КАА n LUC aC алуа тұ Б - р RR FORES 
HORA p у : - УА жатта D 4i АГК; ' SERE ME DE E ICT " Н i 
E H АГЫЛ ДЫ ' ән ТЖ А Ш М g г 
< : Nes E 1 Н HOCH қ ПУ. ib ЫНЫ ы. HIM MT у ' Ы TM x ET 2 EM ы 
+ "Lo * Р 4795” М ] А 
БЫН ДЫ 4 E ЧЫ К | [E T i н PT "E 
Ng DOTT: pots TAE ` ZI ТОЕ ^ "rae et oe nn 
LATO 1 n ES 1 ML Кы; ы, “ 5 И 44 М 
PEUT (nut gg 5 BR seekers 3 TURTLE D» ГАГА АЫ pus > 1 A 
ier th z Е y v ЖҮ Н H ae na "n Г vi vt боёо (or 
d ИА п g А б : 
i ОНЛА ЖАҢ, e ; ) : а. T x а Оо S 
Ж ЫМ; LT * ч , id f " . б И] , . 
КЫ j c м dr ү 4 ü Р =! - Ak Чы s Ы 7 ' Кш ы 
Қалық 2 cut ч A | И ч ч е E : T9 SN А 
ы 2 4 j LALF " L LI Й t t К 
И ” E ТА 
КОТЕТА .1 И Ч M 
PEUT Т Те ышы Я TES КЕН s.a 
Tun ККЕ ану Қ. Д * "t S КГ i» E ' 
аламы к заса» d E] 








ҚА ыы? у E TP 


% 
TL SICUL [s 
"АР INIT ЕГЕ 







ККУ 
BE SS [LONE 


M m Ц 


aie Says 


PEE 


PILLE 
Н NEN j i : m 
р Иш iP Ж nen n SEO i 


P 
Roa AR Н iu $e ч 
жуас ы E) PP ы "E AIMO бит 1 [ur d à 
E i "A DURS Us Р А X EET S DANT 
КІ К à \ | m 






малы IUS 
EDITAE j CALE tee Rt X 
ум e Ы кемеде i LH 
E HT 
n LUN 





СРЕСТИ 


+” 
ИЛИ 
OT Dt 





